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TWENTY-SECOND  ANNUAL 

Report  of  the  State  Geologist 


Iowa  Geological  Subvey, 
Des  Moines,  Dboembeb  31, 1913. 

To  Governor  George  W.  Clarke  and  Members  of  the  Geological 

Board: 

Gentlemen  : — I  have  the  honor  to  report  that  during  the  year 
1913  the  Iowa  Geological  Survey  successfully  carried  forward 
the  investigations  which  were  approved  by  you  at  the  beginning 
of  the  i5eld  season.  In  accordance  with  the  well  established 
policy  of  the  Survey  each  investigator  was  assigned  the  kind  of 
work  for  which  he  was  best  fitted  by  training  and  experience. 
The  work  of  the  Survey  for  the  year  1913  may  be  summarized 
as  follows : 

ARBAL  CEOLOGy! 

Detailed  areal  work  and  geological  mapping  was  <;arried  for- 
ward in  Audubon  and  Shelby  counties  by  Bohumil  Shimek,  who 
had  already  done  considerable  work  in  this  part  of  the  state. 
As  an  aid  in  the  interpretation  of  the  Pleistocene  geology  of 
Audubon  and  Shelby  counties,  Professor  Shimek  made  a  de- 
tailed study  of  numerous  deep  cuts  which,  fortunately,  had  but 
recently  been  made,  just  north  of  Audubon  and  Shelby  counties, 
between  Coon  Eapids  and  Manilla,  by  the  Chicago,  Milwaukee 
and  St.  Paul  Eailway  Company. 

The  Director  of  the  Survey  continued  his  studies  of  the  geol- 
ogy of  Lucas  county  and  also  did  some  work  in  Union  county. 
The  Assistant  State  Geologist  continued  his  work  on  the  geology 
of  Crawford  county  and  also  on  the  physiographic  features  of 
the  Missouri  slope  of  western  Iowa. 

The  field  work  in  Floyd  county  was  completed  by  A.  0. 
Thomas,  in  Clarke  county  by  J.  L.  Tilton,  in  Cass  county  by  J. 
E.  Gow,  and  in  Calhoun  and  Greene  counties  by  T.  H.  Macbride. 
Eeports  on  these  counties  are  now  being  prepared  for  publica- 
tion. 
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ROAD  AND  CONCRETE  MATERIALS. 

For  several  years  S.  Wi  Beyer,  H.  F.  Wright  and  assistants 
have  been  making  a  detailed  investigation  of  the  road  and  con- 
crete materials  of  the  state.  The  field  work  and  the  laboratory 
tests  were  completed  during  the  year,  the  latter  having  been 
made  at  the  Experiment  Station  of  Iowa  State  College.  The 
manuscript  is  ready  for  publication.  A  preliminary  report  was 
prepared  for  the  members  of  the  last  General  Assembly.  The 
complete  report  will  constitute  a  large  part  of  Volume  XXIV  of 
the  publications  of  the  Survey. 

The  information  contained  in  this  report  will  be  of  great  value 
to  the  people  of  the  state.  There  never  was  a  time  when  the 
people  were  more  interested  than  they  now  are  in  the  subject  of 
good  roads.  Only  recently,  for  the  first  time,  has  a  Highway 
Commission  been  created  in  this  state.  There  is  reason  to  be- 
lieve that  under  the  wise  direction  and  supervision  of  efficient 
engineers  the  roads  of  Iowa  will  soon  compare  favorably  with 
the  best  roads  of  the  other  states  of  the  country.  Boad  im- 
provement and  road  building  depend  largely  upon  the  avail- 
ability of  sand  and  gravel,  clay,  limestone,  sandstone,  glacial 
bowlders,  and  the  manufactured  products  of  clay  and  limestone. 
It  is  gratifying  to  know  that  the  investigations  of  Doctor  Beyer 
and  his  assistants  have  shown  that  the  majority  of  the  counties 
of  Iowa  are  amply  supplied  with  materials  suitable  for  one  or 
more  types  of  road  that  are  believed  to  be  practical  under  exist- 
ing conditions. 

INDUSTRIAL  WATERS. 

During  the  summer  of  1913  George  A.  Gabriel  continued  the 
investigations  of  the  previous  year  on  the  surface  waters  of 
Iowa,  to  ascertain  with  definiteness  their  industrial  appHcabilrty; 
The  publication  of  the  conclusions  of  these  investigations  .will  be 
of  great  value  to  many  corporations  and  communities  which 
have  recently  awakened  to  a  realization  of  the  great  w^aste  re'r 
suiting  from  the  use  of  unsuitable  waters.-  :    • 

ARTESIAN  WATERS.  ;       .  *    :  ^, 

Volume  XXI  of  the  Survey  reports,  on  the  Underground 
Waters  of  Iowa,  was  published  last  year.  Thia  reporfc  is  prov- 
ing to  bie  of  inestimable  value  to  the  people  of  Iowa  in  connection 
with  the  jwroblem  of  water  supply  for  domestic;  and  Other  piir-? 
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poses.  It  has  been  most  favorably  reviewed  in  the  geological 
journals  of  America  and  Europe.  Since  the  publication  of  this 
volume  the  Survey  has  continued  to  keep  records  of  the  deep 
wells  that  have  been  sunk  within  the  state,  and  from  time  to 
time  it  will  publish  information  additional  to  that  given  in  the 
published  report.  Professor  Norton  continues  to  be  in  charge 
of  this  work. 

PLEISTOCENE  PROBLEMS. 

J.  E.  Carman  of  the  University  of  Cincinnati  has  completed  a 
detailed  investigation  of  the  drift  sheets  of  northwestern  Iowa. 
His  work  has  made  it  possible  to  prepare  a  more  accurate  map 
than  the  present  one  of  the  soils  and  other  surface  features  of 
this  part  of  the  state.  Professor  Carman's  report  will  soon  be 
ready  for  publication. 

STRATIGRAPHIC  GEOLOGY. 

Many  of  the  problems  of  geology  are  not  limited  to  a  single 
state  but  embrace  several  adjoining  states.  In  the  investigation 
of  such  problems  it  is  of  great  advantage  from  every  standpoint 
to  have  close  cooperation  among  the  various  geological  surveys 
concerned.  At  the  present  time  several  of  the  state  surveys,  in- 
cluding those  of  Oklahoma,  Kentucky,  Ohio,  Illinois,  Missouri 
and  Iowa,  are  interested  in  a  thorough  study  of  the  Mississ- 
ippian  rocks  which  occur  in  these  states.  'During  the  summer  of 
1913  the  surveys  of  Illinois,  Missouri  and  Iowa  employed  Prb- 
fessor  Stuart  Weller  of  the  University  of  Chicago,  who  has  been 
for  many  years  a  student  of  the  stratigraphy  and  paleontology 
of  the  Mississippian  series,  to  act  in  an  advisory  capacity  in  the 
study  of  the  Mississippian  rocks  of  theit  respective  states.  Un- 
der the  supervision  of  Professor  Weller  field  work  in  Iowa  was 
done  by  Francis  M.  Van  Tuyl,  who  made  detailed  sections  of  the 
rocks  in  the  southeastern  part  of  the  state  and  collected  nu- 
merous fossils  which  will  be  of  great  service  in  correlating  the 
Mississippian  rocks  of  Iowa  with  those  of  adjacent  states. 

A.  0.  Thomas  began  a' detailed  investigation  of  the  strati- 
graphy and  paleontology  of  the  Devonian  rocks  of  the  state. 

THE  STREAMS  OP  THE  STATE. 

In  connection  with  the  study  of  the  flow,  floods  and  water- 
power  of  the  streams  of  the  state  gaging  stations  have  been  es- 
tablished for  some  time  on  the  Des  Moines,  Cedar,  Wapsipinicon 
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and  Iowa  rivers.  During  the  summer  of  1913  additional  sta- 
tions were  established  on  some  of  the  above  streams,  and  also 
on  Upper  Iowa,  Maquoketa,  Turkey  and  Skunk  rivers.  At  these 
stations  gage  readings  are  systematically  being  made.  Dis- 
charge measurements  also  are  being  made  at  low  and  high  water 
stages  of  the  streams.  The  work  is  being  done  by  the  Iowa 
Geological  Survey  in  cooperation  with  the  Water  Resources 
Branch  of  the  United  States  Geological  Survey,  each  survey- 
bearing  half  the  expense. 

COOPERATIVE  TOPOGRAPHIC  MAPPING. 

The  Iowa  Geological  Survey  continued  to  cooperate  with  the 
United  States  Geological  Survey  in  making  topographic  maps  of 
areas  selected  by  the  Director  of  the  Iowa  Survey.  The  Iowa 
Geological  Survey  spent  $1,750  in  this  work,  and  the  United 
States  Geological  Survey  spent  an  equal  amoxmt  for  field  work. 
As  in  former  years  the  Iowa  Survey  paid  half  the  expenses  of 
the  field  whereas  the  United  States  Geological  Survey  paid  half 
the  expenses  of  the  field  and  all  other  costs  connected  with  draw- 
ing, engraving  and  publishing  the  maps. 

The  field  work  was  done  under  the  supervision  of  E.  B.  Mar- 
shall, Chief  Geographer  of  the  United  States  (Jeological  Survey, 
on  the  Boone,  Attica,  Chariton  and  New  Virginia  sheets.  The 
drafting  of  the  Ames  topographic  map  was  completed  and  the 
map  was  transmitted  for  engraving. 

The  topographic  map9  of  Iowa  already  issued  are  proving  to 
be  of  great  value,  and  it  is  strongly  recommended  that  the  next 
legislature  be  urged  to  appropriate  to  the  Survey  a  much  larger 
amount  than  is  now  available  for  this  important  work.  The  state 
of  Illinois  is  spending  $10,000  a  year  for  topographic  work,  in 
which  state  the  United  States  (Geological  Survey  spends  an  equal 
aniount.  In  Ohio  about  $45,000  a  year  is  being  expended,  in 
Minnesota  $20,000  yearly,  and  in  Missouri  $12,000.  The  Iowa 
Geological  Survey  should  have  at  least  $10,000  a  year  for  topo- 
graphic, mapping.  If  this  amount  were  duplicated,  as  it  prob- 
ably would  be,  by  the  United  States  Geological  Survey  it  would 
be  possible  to  complete  the  topographic  map  of  the  state  in  a 
much  shorter  time  than  can  be  done  with  our  present  smair  ap- 
propriation. 
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The  development  of  the  state  in  connection  with  a  highway 
system,  drainage  projects,  steam  and  intemrban  railways  and  ii^ 
many  other  ways  demands  the  preparation  of  topographic  maps 
as  rapidly  as  possible.  Further  delay  will  but  add  to  the  great 
financial  loss  that  the  state  has  already  suffered  through  a  lack 
of  such  maps.  At  the  last  meeting  of  the  Iowa  Engineering 
Society,  and  alsp  at  9,  recent  meeting  of  the  Iowa  Academy  of 
Science,  resolutions  were  adopted  urging  that  efforts  be  made 
to  secure  for  the  Iowa  Geological  Survey  increased  appropria- 
tions for  this  important  work. 

ANALYSES  OP  IOWA  COALS. 

The  Survey  has  already  published  much  valuable  information 
about  the  coals  of  the  state.  It  now  has  ready  to  be  published 
an  additional  report  that  will  be  of  great  value  to  all  persons 
who  are  interested  in  the  coal  industry  of  Iowa.  The  report  has 
been  prepared  by  A.  W.  Hixson.  It  consists  of  proximate  and 
ultimate  analyses  of  sixteen  representative  coals  of  Iowa,  accom- 
panied by  a  thorough  discussion  of  these  analyses.  The  inves- 
tigation has  shown  that  Iowa  coals  have  a  low  heat  value  on 
account  of  their  high  sulphur  and  moisture  content;  that 
the  high  -sulphur  content,  moreover,  renders  the  coals  un- 
suitable for  the  manufacture  of  coal  or  water  gas,  and 
causes  them  to  be  destructive  to  grates  and  fire  boxes.  The 
eoals  weather  somewhat  rapidly,  which  is  an  unfavorable  feature 
in  connection  with  long  storage  of  the  coals.  The  characters  of 
Iowa  coals  with  regard  to  the  manufacture  of  producer  gas  and 
coke,  the  probable  effect  of  washing  the  coals,  and  many  other 
features  are  interestingly  discussed.  It  is  stated  that  the  Iowa 
coals  compare  favorably  with  those  of  northern  Illinois  and 
Missouri.  In  the  closing  pages  of  the  report  is  a  discussion  of 
the  purchase  of  coal  under  specification.  Professor  Hixson 's 
report  will  be  published  as  a  part  of  Volume  XXIV  of  the  Sur- 
vey. .  . 

THE  CLAY  PLANTS  OP  THE  STATE. 

During  the  summer  of  1913  A.  P.  Potts  of  Iowa  State  College 
collected  samples  of  clay  from  the  various  plants  of  the  state 
which  are  using  the  shales  of  the  Des  Moines  stage.  In  the 
laboratory,  Hrof^ssor  Potts  will  subject  these  clays  to  detailed 
tests  in  order  to  secure  information  which  may  be  of  value  to 
the  industrial  users  of  clays. 
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MINERAL  STATISTICS. 

Early  in  1913  the  Iowa  Geological  Survey  in  cooperation  with 
the  United  States  Geological  Survey  compiled  the  statistics  of 
mineral  production  in  Iowa  for  the  year  1912.  The  value  of 
the  output  was  $22,910,066,  which  is  higher  than  any  previous 
jBgure  of  record.  The  year  1910  previously  held  the  record,  the 
value  of  the  output  for  that  year  having  been  $22,744,572,  which 
output  exceeded  that  for  1911  by  $1,790,955.  Coal  was  in  1912, 
as  in  previous  years,  the  leading  mineral  product.  Its  value  at 
the  mines  was  $13,152,088,  which  was  fifty-seven  per  cent  of  the 
total  value  of  the  mineral  industry  of  the  state.  The  five  lead- 
ing coal  producing  counties  in  order  of  rank  were  Monroe,  Polk, 
Appanoose,  Mahaska  and  Dallas.  These  same  counties  held 
similar  rank  in  1911.  The  average  price  gf  coal  at  the  mine  was 
$1.80  a  ton,  which  is  the  highest  average  price  on  record  in  Iowa. 
The  average  number  of  men  employed  in  coal  mining  was  16,370. 

The  value  of  clay  and  clay  products  was  $4,524,492,  which  ex- 
ceeded the  figure  for  1911  but  was  less  than  that  for  1910  when 
the  record  value  of  $5,335,036  was  reached.  Of  the  total  value 
drain  tile  contributed  $2,293,084  and  common  brick  $1,017,097. 
In  the  production  of  clay  and  clay  products,  Webster  county 
with  ten  producers  ranked  first,  Cerro  Gordo  county  with  seven 
producers,  second,  Polk  county  with  eleven  producers,  third,  and 
Woodbury  county  with  three  producers,  fourth.  These  four 
counties  contributed  sixty  per  cent  of  the  total  value  of  the  clay 
industry. 

The  value  of  cement  sold  in  1912  reached  the  figure  of  $2,790,- 
396.  This  was  an  increase  of  nearly  fifty  per  cent  over  the  value 
of  1911,  which  was  $1,881,253.  With  three  modem  plants  of 
large  capacity,  and  with  an  abundance  of  excellent  raw  material 
available,  larger  and  larger  productions  of  cement  may  be  ex- 
pected. 

The  figures  for  stone  and  lime  and  for  sand  and  gravel  were 
larger  for  1912  than  for  any  previous  year.  The  value  of  the 
stone  and  lime  was  $998,236  and  of  the  sand  and  gravel  $563,409. 
A  large  part  of  the  stone  was  used  for  concrete  and  railroad 
ballast.     Lee  county  produced  more  than  one-third  of  the  total 
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output.  This  was  due  to  a  considerable  extent,  to  the  large 
amount  of  limestone  used  by  the  Mississippi  Power  Company  in 
the  construction  of  the  Keokuk  dam. 

The  value  of  the  gypsum  output  was  less  in  1912  than  in  1911. 
Decreases  were  also  shown  in  the  values  of  mineral  waters  and 
sand  lime  brick. 

Some  months  ago  the  mineral  statistics  for  1911  and  1912  were 
published  and  distributed  to  the  mineral  producers  of  the  state. 
These  statistics  will  be  published  also  in  Volume  XXIV  of  the 
Survey. 

THE  CENTBRVILLB  GYPSUM  DEPOSIT. 

A  brief  reference  was  naade  to  the  Centerville  gypsum  deposit 
in  Volume  XXI  of  the  reports  of  the  Survey.  Recently,  a  some- 
what detailed  account  of  the  deposit  was  written  by  the  Director 
of  the  Iowa  Geological  Survey  for  publication  by  the  United 
States  Geological  Survey.* 

The  discovery  of  a  deposit  of  gypsum  in  the  Mississippi  an 
rocks  of  southern  Iowa  is  of  scientific  interest.  Whether  or  not 
this  gypsum  will  prove  to  be  of  economic  importance  has  yet  to 
be  determined.  The  evidence  indicates  that  the  deposit  may  be 
extensive  and  the  gypsum  is  of  good  quality.  The  presence  of 
anhydrite  decreases  the  value  of  the  deposit  for  making  wall 
plaster  and  related  products.  The  relation  of  the  anhydrite  to 
the  gypsum  and  the  relative  amounts  of  the  two  minerals  will 
have  an  important  bearing  on  the  commercial  value  of  the  de- 
posit. However,  anhydrite  is  considered  by  some  manufacturers 
of  Portland  cement  to  be  practically  as  serviceable  as  gypsum. 

The  fact  that  the  deposit  is  more  than  five  hundred  feet  below 
the  surface  and  the  presence  of  large  amounts  of  artesian  water 
are  factors  unfavorable  to  the  mining  of  the  gypsum.  On  the 
other  hand,  the  deposit  is  well  located  with  regard  to  fuel  and 
transportation,  and  it  is  fair  to  assume  that  if  gypsum  products 
were  made  in  this  part  of  the  state  a  good  market  for  such 
products  could  soon  be  developed. 

PUBLICATIONS  OP  THE  SURVEY. 

During  the  year  1913  the  Iowa  Geological  Survey  published 
and  distributed  to  the  people  of  the  state  a  Bibliography  of 

•Kay,  George  P.,  A  New  Gypsum  Deposit  In  Iowa:  Bull.  U.  S.  Qeol.  Survey, 
No.    580-E. 
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Iowa  Geology  and  Mining  and  a  bulletin  on  the  Weed  Flora  of 
Iowa.  The  former  which  is  Volume  XXII  of  the  Survey  is  a 
complete  bibliography  of  all  that  has  been  written  with  regard 
to  the  geology  of  the  state.  "The  author  of  the  volume  was  Dr. 
Charles  Keyes,  a  former  Assistant  State  Geologist  of  the  Sur- 
vey. Preceding  the  bibliography  proper  are  chapters  on  Geo- 
graphic Exploration  of  Iowa-Land,  Geologic  Reconnaissance  in 
Iowa,  Historical  Sketch  of  Mining  in  Iowa,  and  Systematic 
Geologic  Surveying  in  Iowa.  In  these  chapters  some  exceeding- 
ly interesting  facts  are  presented.  The  discussion  of  geographic 
exploration  covers  a  period  of  three  centuries.  Reference  is 
made  to  the  influence  that  early  trade  routes  had  upon  settle- 
ment and  the  estabUshment  of  commercial  enterprises.  In  the 
chapter  on  geological  reconnaissance  it  is  pointed  out  that  some 
of  the  earliest  geological  work  in  America  was  done  within  the 
limits  of  our  own  state.  The  chapter  on  the  history  of  mining 
in  Iowa  brings  out  the  fact  that  the  first  discovery  of  lead  and 
zinc  in  America  was  in  the  Dubuque  region;  that  mineral  coal 
was  used  by  the  Iowa  Indians  before  the  advent  of  Europeans  in 
the  region ;  and  that  coal  was  mined  here  one  hundred  and  fifty 
years  previous  to  its  discovery  in  Pennsylvania.  The  first 
practical  experiment  in  the  conservation  of  our  mineral  re- 
sources was  tried  out  seventy-five  years  ago  in  Iowa  by  the 
Federal  Government,  and  proved  a  dismal  failure.  At  one  time 
the  Dubuque  region  produced  nine-tenths  of  the  lead  of  the 
United  States,  and  one-tenth  of  the  world 's  supply.  This  Tjiblio- 
graphy  will  serve  the  very  useful  purpose  of  making  available 
and  accessible  the  extensive  and  widely  scattered  literature  of 
the  geology  of  the  state. 

The  Weed  Flora  of  Iowa  is  a  bulletin  of  900  pages  and  con- 
stitutes Bulletin  No.  4  of  the  publications  of  the  Iowa  Geological 
Survey.  The  need  of  such  a  volume  had  long  been  felt  by  all 
who  are  familiar  with  the  enormous  damage  caused  to  the  crops 
of  Iowa  by  weeds.  A  conservative  estimate  places  the  injury 
at  $25,000,000  annually.  The  publication  of  concise  information 
with  regard  to  weeds,  such  as  is  given  in  this  bulletin,  should  do 
much  to  decrease  this  great  loss.  If  the  unexcelled  resources  of 
our  soil  could  be  conserved  by  the  extermination  of  weeds  the 
farmers  would  be  greatly  benefited  in  a  financial  way. 
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Each  kind  of  weed  is  described  in  detail,  its  geographical  dis- 
tribution within  the -state  is  shown  on  a  small  state  map,  and 
methods  of  extermination  are  given.  Excellent  illustrations  of 
the  weeds  described  will  be  of  great  assistance  to  those  who  are 
not  familiar  with  the  different  weeds  but  who  wish  to  identify 
them. 

Among  the  most  interesting  chapters  are  those  dealing  with 
the  general  characters  of  seeds,  the  scattering  of  weeds,  weed 
migration,  the  injuriousness  of  weeds,  and  weeds  for  medicinal 
purposes.  A  chapter  on  weed  laws  gives  a  summary  of  the  laws 
of  various  states  in  the  Mississippi  valley. 

This  bulletin,  which  will  be  of  great  service  to  the  agricultural 
and  related  interests  of  the  state,  was  prepared  by  Dr.  L.  H. 
Pammel  and  collaborators. 

OFFICE  WORK.     • 

The  Dtes  Moines  office  has  been  in  charge  of  James  H.  Lees, 
Assistant  State  Geologist,  and  Miss  Nellie  Newman,  the  Secre- 
tary. Mr.  Lees  cannot  be  commended  too  highly  for  his  thorough 
and  painstaking  work  in  connection  with  the  preparation  and 
publication  of  the  reports  that  have  been  issued  during  the  year. 

From  the  office  have  gone  out  hundreds  of  letters  giving  re- 
liable information  with  regard  to  the  geological  features  of  the 
different  sections  of  the  state.  In  response  to  the  continued 
demand  for  the  publications  of  the  Survey  many  volumes  of  our 
reports  have  been  distributed  during  the  year,  not  only  to  the 
citizens  of  Iowa,  but  to  many  persons  in  other  parts  of  the 
country  who  are  interested  in  the  possibilities  for  investment 
within  the  state. 

Herewith  I  submit  the  following  papers  with  the  recommenda- 
tion that  they  be  published  as  Volume  XXIV,  which  is  the  Twen- 
ty-second Annual  Report  of  the  Iowa  Geological  Survey : 

The  Road  and  Concrete  Materials  of  Iowa,  by  S.  W.  Beyer 
and  H.  T.  Wright. 

Analyses  of  Iowa  Coals,  by  A.  W.  Hixson. 

Mineral  Production  in  Iowa  for  1911  and  1912,  by  George  F. 

Kay. 

Respectfully  submitted, 

George  F.  Kay. 
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MINERAL  PRODUCTION  IN  IOWA  FOR  1911  AND  1912' 

BY  GEORGE  F.  KAY. 


XALVE  OF  MINERAL  PRODUCTION. 

1910. 

Coal $13,903,913 

Clay  and  clay  products 5,335,036 

Stone  and  lime 639,831 

Gypsum 943,849 

Lead  and  zinc 12,128 

Sand-ilme  brick 31,269 

Mineral  waters  : 27,175 

Sand  and  gravel 464,863 

Other  products 1,386,508 

Total $22,744,572 

19n. 

Coal   $12,663,507 

Clay  and  clay  products 4,436339 

Stone  and  lime 817,121 

Gypsum 871.752 

Lead  and  zinc 5,400 

Sand-lime  brick 25,300 

Mineral  waters 20,500 

Sand  and  gravel 393,649 

Cement   1,881,253 

Other  products 3,790 

Total $21,119,111 

1912 

Coal    $13,152,088 

Clay  and  clay  products 4^524,492 

Stone  and  lime 9984236 

Gypsum 845,628 

Lead  and  zinc 5,670 

Sand-lime    brick ♦ 

Mineral  waters 11325 

Sand  and  gravel 563,409 

Cement   2,790396 

Other  products 18322 

Total $22,910,066 

The  total  value  of  the  mineral  production  in  Iowa  in  1911 
was  $21,119,111  and  in  1912  $22,910,066.    The  value  in  1912  was 

HHie  mineral  statistics  were  compfled  by  the  Iowa  Geological  Survey  tn  eo- 
operation  with  the  United  States  Geological  Survey. 

'Included  in  other  products. 
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higher  than  any  previous  figure  of  record.  The  following  table 
shows  the  value  of  Iowa's  mineral  output  during  each  of  the 
past  ten  years. 

VALUE  OF  MINERAL  PRODUCTION  IN  IOWA  TOR  THE  YEARS  1903 

TO  1912  INCLUSIVE. 

1903  $14,637,480 

1904  14,955.000 

1905  16,103,046 

1906  16,414,447 

1907  17,627,925 

1908  .  18,090,447 

1909  20.365,721 

1910  - 22.744.572 

1911  21,119,111 

1912  22,910,066 

Previous  to  1912,  the  year  1910  held  the  record,  the  value  of 
the  output  for  that  year  having  been  $22,744,572.  In  1912  there 
was  an  increase  over  1911  in  the  value  of  all  mineral  products 
except  gypsum,  sand-lime  brick  and  mineral  waters.  The  most 
marked  increase  was  in  connection  with  the  cement  industry, 
the  value  of  the  output  of  1912  exceeding  that  of  1911  by  nearly 
50  per  cent. 

The  number  of  mineral  producers  in  Iowa  was  726  in  1911 

and  665  in  1912. 

The  total  production,  by  counties,  for  1911  and  1912  is  given 
in  Table  I. 
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TABLE   I. 

\  ALUE  OF  TOTAL  MINERAL  PRODUCTION.  BY  COUNTIES,  FOR  191L 


Counties 


S 


55^ 


Coal 


Clay 

Stone 

Sand 

and  Clay 

and 

and 

Products 

liime 

Gravel 

Other 
Products 


Total 


Adair 

Adams   

Allamakee 

Appanoose 

Audubon  

Benton  

Black  Hawk 

Boone  

Bremer 

Buchanan  

Buena  Vista 

Butler 

Calhoun 

Carroll  

Cass 

Cedar  

Cerro  Gordo— 

Cherokee  

Clarke 

Clay 

Clayton 

Clinton 

Crawford 

Dallas 

Decatur 

Delaware 

Des  Moines 

Dickinson  

Dubuque  

Emmet  

Fayette  

Floyd 

Franklin 

Fremont 

Greene 

Grundy 

Guthrie 

Hamilton 

Hancock 

Hardin  

Harrison  - 

Henry  

Howard 

Humboldt 

Ida 

Iowa 

Jackson  

Jasper 

Jefferson 

Johnson  

Jones  


1 
7 
4 

69 
7 
7 

12 

10 
4 
1 
5 
3 
1 
2 
2 
3 

13 
5 
1 
1 
9 

15 
2 
9 
2 
5 
4 
1 

19 
6 
7 
7 
1 
2 
7 
3 

11 
1 
1 

10 
1 
4 
6 
2 
4 
3 
4 

14 
8 
9 

11 


$       18,779 


2,102,485 


413,548 


731,805 


30,400 


29,570 


672,532 
11,236 


16,050 
'8lii»4 


5,572 


20,010 
731,834 


« 


21,600 

180,994 

« 

7,840 


41,000 


« 


9,420 

« 


55,450 

* 

23,920 


19,600 

17,553 
36,340 
28,150 


12,316 
10,898 


50,598 


1,964 

« 


* 
* 


« 
$  10,648 


70,951 


1,867 


28.301 


3,880 


* 
40,343 


20,990 


4,917 


18,779 

5,572 

2,134,037 

10,648 

28,366 

31,888 

494,842 

4,917 


14.554 


« 
19,251 


« 
« 


21,439  $ 

6,175 !,. 

5,202  L. 

•   I 


5,400 


« 


765 


1,609 


« 


6,750 


20,010 
898 


13,735 

782,432 

14,554 


9,264 
52,604 


912,799 


7,840 
21,608 


138.790 
6,175 

24,052 
1.867 


72,826 
24.419 
38,990 


84,516 


23.920 
3,880 


1,609 
19,600 
68,658 
690.085 
47.576 
34,900 
47,080 
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TABLE  I— Continued 


Counties 


6 

Org 


Coal 


Clay 
and  Clay 
Prodacts 


Stone 

and 

Lime 


Sand 

and 

Gravel 


Other 
Predncts 


Total 


Keokuk   

Kossuth 

Lee  

Linn 

Louisa 

Lucas 

Lyon  

Aiadlson 

Mahaska  

Marion  

Marshall  

Mills  - 

Mitchell  

Monona ,_ 

Monroe 

Muscatine 

O'Brien „ 

Osceola 

Page  — — 

Palo  Alto 

Plymouth 

Pocahontas  — , 

Polk ; 

Pottawattamie 

Poweshiek 

Sac 

Scott 

Shelby I 

Sioux I 

Story 

Tama 

Taylor 

Union — 

Van  Buren 

Wapello 

Warren i 

Washington  — 

Wayne 

Webster 

Winnebago 

Winneshiek 

Woodbury 1 

Worth -! 

Wright  ! 

County  values* 
represen  ting! 
less  than  threei 
producers,  and 
small  coal 
mines 


17 
1 

15 

16 
7 
4 
3 
7 

26 

18 

10 
4 
3 
1 

14 
8 
4 
2 
6 
4 

10 
2 

47 
4 
4 
3 

13 
1 
6 

10 
7 
7 
1 
7 

22 
4 
9 
8 

22 
2 
5 
9 
1 
6 


Total 


726 


23,978 


24,004 


1,200,117 
265.303 


3,402,743 


36,189 


2.729.625 


22.979 


20,340 
523,535 


30,202 


19,234 

« 


119,654 

62,855 

« 


54,180 


22,884 


33,001 

38,280 

16,716 

5,500 


14,253 


« 

587,356 
32,209 

25.498 

• 

32,230 


234,761 
101,949 


67,629 


$  12.663,507 


59,585 


70,570 
69.210 

42,522 

« 

1,100.237 


300,886 
31,400 


60,224 


658 


8,445 


« 


125.574 

104,973 

11.885 

24.004 

8.445 

60.224 

1.233.118 

303,583 

144.211 

5.500 

658 


121.080 


6.868,. 


3.402.743 

14.253 

6.868 


I- 


5.839 
15.198 


84,058 


55,110 

5,839 

15,198 


« 


3,401.039 

32,209 

25.498 

82.464 

185.310 


3.747 
6,803 


11,474 
""Tl2" 


« 
« 


3,747 

6,803 

59,585 

22,979 


636,895 


2,201 

« 

* 
5,895 


5,354 


214,374 


1 4.436.839  l$817,121  $393,649 


114,057 


22.370 

*  619,197 

69.210 

42.634 

234.761 

875,4721  2,079,859 


9.729 
306.781 


36,754 


1,927,123 


2,408,080 


$  2,807,995  $21,119,111 


•Included  in  "county  values"  and  totals. 


MINERAL  PRODUCTS  BY  COUNTIES 


TABLE  I— <3oiitInned 
VALUE  OP  TOTAL  MINERAL  PRODUCTION,  BY  COUNTIES,  EOR  1912. 


.    Counties 

No.  of  Pro- 
ducers 

Coal 

Clay  and 

Clay 
PnxlnotB 

Stooe 

and 

Lime 

Sand 

and 

Gravel 

Other 
Products 

Total 
Value 

Adair          

1 

6 
4 

66 
5 
6 

14 
8 
3 
1 
6 
3 
1 
1 
1 
1 

11 
4 
1 
2 

18 
4 
1 

10 
1 
6 
7 
1 

17 
8 
4 
2 
1 
6 
3 
7 
1 
1 
9 
1 
3 
3 
2 
2 
2 

17 
8 
8 

10 

17 
1 

$     48,892 

Adams 

$       24,690 

$      24,690 

AllATTIAlrAA 

i  24:217 

• 

_ 
11,389 

2i277 

Appanoose 

AnduboD  

2,506,844 

« 
$      500 

2,534,142 

.S...1..... 

500 

Benton 

48392 

Black  Hawk... 

22,590 

• 

33,979 

Boone  

454,731 

67,096 

521,827 

Bremer 

3,283 

3,283 

Buchanan  

« 

Buena  Vista 

15,064 

• 

• 
« 
« 

884337 

1,088 

• 

16.152 

Butler 

19,894 

Calhoun 

Carroll               . 

Cass 

Cedar          .  . 

Oerro  Gordo 

« 

"lorTOO 

• 

3,205,546 

Cherokee  _. 

16,700 

Clarke    

^  ■     III        ■  ■     ■ 

• 
• 
• 

16,720 

• 

153,340 

Clav 

Clayton 

3,255 

2i865 

28,120 

Clinton 

« 

16.720 

Crawford 

.Dallas 

810,532 

963,872 

Decatur 

• 
• 

10362 

Delaware 

8,140 

• 

.  ... 

8,140 

Des  Moines 

• 

23,261 

Dickinson 

« 
$       5,670 

DubUQue  

48300 

• 

• 
• 
• 
• 
• 

11,256 

• 

• 
55,166 

73333 

« 

« 

17,973 

5,414 

• 

145,476 

Payette 

29,759 

Floyd 

51,587 

Franklin 

Fremont 

Greene 

24,250 

« 
• 

36,052 

Grundy  

24.600 

Guthrie 

16.191 

27,447 

Hamilton 

■««*^«i^M«^aKMi^ 

Hancock 

Hardin  

« 
« 

• 

• 

3,533 

58,699 

Harrison 

Henry  

• 
• 

• 

17,305 
34305 
17,600 

32319 

• 

35,893 

Howard 

• 
• 

12,820 

Ida 

Iowa  

Jackson  

« 

Jasper 

669,936 
9,170 

« 
• 

6874J41 

Jefferson  

43.475 

Johnson  

• 

91.205 

« 

8,428 

• 

26.028 

Jones  

106.929 

Keokuk 

26,733 

59,552 

Kossuth 
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TABLE  I— Oontinaed 


Counties 

No.  of  Pro- 
ducers 

Coal 

Clay  and 

Clay 
Products 

Stone 

and 

Lime 

Sand 

and 

Gravel 

Other 
Products 

Total 
Value 

Lee : 

15 

7,250 

27.489 

« 

« 

327,917 

55,576 

« 

5,452 

18.680 

• 

340.619 

Linn      .  .. 

15 

- 

101.745 

Louisa 

Lucas 

8 
3 

120 

9.360 

« 

32,070 

Lyon  

6 

5 

19 

18 

11 

19,^7" 

19.237 

Madison 

« 

41,310 

41,800 

93,971 

€.550 

42.361 

• 

42.361 

Mahaska  

944,156 
315,260 

985.466 

Marion 

17,288 

* 

374.348 

Marshall  

207.008 

Mills  4 

6.550 

Mitchell 

1 

« 

Monroe 

15 

3,757,856 

3,757,856 

Muscatine 8 

13,5(Kf 



• 
• 
* 

13,503 

O'Brien 2 

Ml      ■     1    m  ^  M«  ■■  ■■  ■■ 

Osceola , !    2 

TAge  1     4 

* 

« 
• 
« 
« 

582,878 
32,172 

29,004 

« 

44,071 

« 

22,600 

Palo  Alto '     4 

~* 

9,943 
19,707 

9,943 

Plymouth '     9 

19.707 

Pocahontas  ..-     2 

Polk 

48 

2.761.723 

148,302 

• 

3.492.903 

Pottawattamie 

3 
4 

32.172 

Poweshiek 

29.004 

Sac  — 

4 

"i28,"8^" 

27,722 

• 

27.722 

Scott  

Shelby 

16 
1 

t 

• 

216,089 

Sioux 

6 
7 
7 

24,650 
5,530 

24,650 

Story  

• 

59,619 

« 

« 

68,096 

« 

32.587 

_ 

5.530 

Tama 

59,619 

Taylor   

4 
1 
7 

"■"12,700 

12.700 

Union  

Van  Buren 

18.785 

« 
8,900 

• 
22,522 

» 

28.628 

Wapello 

Warren 

20 
3 
5 
6 

27 
2 
5 
8 
1 
3 

345.324 

« 

• 

444.842 
75.602 

Washington 

32.587 

Wayne 

107,088 

2.051,182 

Webster 

Winnebago 

947,748 

« 

« 

309,466 

• 

• 
776,438 

•~ 

• 
• 
• 

16,120 

854,178 

1,909,014 

Winneshiek 

10,606 

Woodbury 

325.586 

Worth 

Wright 

■ 

220.638 

« 
123,882 

8,400 

County     values 
r  e  p  r  esenting 
less  than  three 
producers,  and 
small  coal 
mines 

1 

140,937 

2,811,923 

1 

1.191.354 

665 

Total  ... 

$  13,152,088 

$  4,524,492 

$998,236 

$563,409 

$  3,671,891 

• 

$22,910,116 

GOAL 

COAL. 

As  in  previous  years,  coal  was  in  1911  and  1912  the  leading 
mineral  produced  in  Iowa.  Its  value  at  the  mines,  in  1911, 
was  $12,663,507  and  in  1912,  $13,152,088.  Although  the  value  of 
the  coal  was  greater  in  1912  than  in  1911,  the  total  tonnage  in 
1912  was  less  than  in  1911.  The  value  of  the  coal  mined  in  1912 
has  been  exceeded  only  in  1910  when  the  value  of  the  coal  output 
was  $13,903,913.    There  were  twenty-one  producing  counties  in 

1911  and  twenty-two  in  1912.  In  both  years  the  five  leading  coal 
producing  counties,  in  order  of  rank,  were  Monroe,  Polk,  Appa- 
noose, Mahaska,  and  Dallas. 

In  1911,  the  average  price  of  coal  at  the  mine  was  $1.73  a  ton, 
and  in  1912  the  average  price  was  $1.80  a  ton,  the  latter  figure 
being  the  highest  average  price  on  record  in  Iowa.  In  1911, 
there  were  16,599  men  employed  in  coal  mining  in  Iowa;  in 

1912  there  were  16,370. 

The  table  below  gives  the  tonnage,  value,  average  price  per 
ton,  average  number  of  days  worked,  and  average  number  of 
men  employed,  in  Iowa,  during  th'fe  past  decade,  according  to 
the  United  States  Geological  Survey: 


Year 


Total  Tons 


Value 


1903 6,419,811 


1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 


6,519,933 
6,798.609 
7.266,224 
7.574,322 
7,161.310 
7,757,762 
7,928,120 
7,331,648 
7,289,529 


$10,563,910 
10.504.406 
10.586.381 
11.619.455 
12.258.012 
11.706,402 
12,793,628 
13.903.913 
12.663,507 
13.152,088 


Average 
Price 


$1.65 
1.61 
1.56 
1.60 
1.62 
1.63 
1.65 
1.75 
1.73 
1.80 


Average 

Number  of 

days 

worked 


226 
213 
209 
224 
230 
214 

218 
203 
188 


Average 
Number  of 

Men 
Employed 


14.162 
15,629 
15,113 
15,260 
15.585 
16,021 
17.286 
16.666 
16,599 
16,370 


In  1912,  during  the  month  of  April  and  a  considerable  part  of 
May,  many  of  the  coal  mines  were  shut  down  pending  the  settle- 
ment of  the  wage  scale.  When  the  mines  were  again  opened,  it 
was  found  that  many  of  the  miners  had  left  the  state  and  that, 


10  MINERAL  PRODUCTION  IN  IOWA  POR  1911  AND  1912 

furthermore,  there  was  a  great  shortage  in  cars  to  handle  the 
coal.  The  railway  companies  had  diverted  the  cars  which  were 
available  before  the  shnt-down  for  the  hauling  of  coal  to  other 
lines  of  traffic  Never,  in  the  history  of  the  state,  has  there 
been  a  greater  car  shortage  than  in  1912. 

The  output,  disposition  of  product,  value,  average  price  per 
ton,  average  number  of  days  worked  and  average  number  of 
men  employed  in  1911  and  1912  are  given,  tabulated  by  counties, 
in  Table  11. 


GOAL 
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Iowa's  rank  as  a  coal  producing  state,  in  1912,  is  given  in  the 
table  which  follows.  It  will  be  seen  that  Iowa  ranked  eleventh  in 
tonnage  and  ninth  in  value.  In  1911,  Iowa  ranked  ninth  in 
tonnage  and  ninth  in  value. 

RANK  OP  LEADING  COAI^PRODUCING  STATES  IN  1912,  WITH  QUAN- 
TITY AND  VALUE  OF  PRODUCT  AND  PERCENTAGE  OF  EACH/ 


Production. 


Rank 


2 
3 
4 
5 
6 
7 
8 
9 
10 
11 


State 


Quantity 
(Short  Tons) 


Percentage 

of  Total 
Production 


Pennsylvania: 

Anthracite    

Bituminous    

West  Virginia 

Illinois  

Ohio 

Kentucky  

Alabama  

Indiana 

Colorado  

Virginia  

Wyoming 

Iowa 

■■    ■      ■  I 

Total  for  United  States 


84.361.5d8 

161,865.488 

66.786,687 

59.885.226 

34.528,727 

16,490.521 

16,100,600 

15,285,718 

10,977,824 

7,846,638 

7,368,124 

7,289,529 


15.8 

30^ 

12.5 

11J2 

6.4 

3.1 

3.0 

2.8 

2.0 

1.5 

1.4 

1.4 


534,466,580 


100.0 


Value. 


Rank 


2 
3 

4 

•^ 
o 

6 

7 

8 

9 

10 

11 


State 


Pennsylvania: 
Anthracite    . 
Bituminous  . 

Illinois  

West  Virginia. 

Ohio 

Alabama  

Indiana 

Kentucky 

Colorado 

Iowa   

Wyoming 

Kansas  


Total  lor  United  States. 


Percentnire 

Value 

of  Total 

Value 

$177,622,626 

25.6 

169,370,497 

24.4 

70,294,338 

10.1 

62.792,234 

9.0 

37,083,363 

5.3 

20,829,252 

3.0 

17.480.546 

2.5 

16.854.207 

2.4 

16,345.336 

2.4 

13,152,088 

1.9 

11.648,088 

1.7 

11,324,130 

1.6 

$  695,606.071 

100.0 

*From  Advance  Chapters  of  Mineral  Resources  of  the  United  States  for 
1912. 
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CLAY  AND  CLAY  PRODUCTS. 

The  value  of  clay  and  clay  products  in  Iowa  in  1911  was 
$4,436,839  and  in  1912,  $4,524,492.  In  both  years  the  value  fell 
below  the  record  value  of  1910,  which  was  $5,335,036. 

The  output  of  clay  products  during  1911  and  1912  was  dis- 
tributed as  follows: 


Product 


1911 


1912 


I  Quantity  in 
I  Thousands 


Value 


Quantity  in 
Thousands 


Common  brick 

Paving   brick 

Face  brick 

Drain  tile 

Sewer  pipe 

Fireprooflng.  terra  cotta  lum- 
ber, hollow  building  block 

or  tile 

Pottery  

Other  products 

Clay  

Total  


154.434 
8.879 
9.241 


$4,436,839 


$1,025,011 

103,384 

114,178 

2,468.962 

284,817 


374,628  I 
36.319 
25.575  : 
3.965 


148.472 
15,033 
11,912 


Value 


$1,017,097 

197.035 

142,637 

2.293,084 

291.672 


535,254 

30.141 

15.406 

2.166 


$4,524,492 


In  the  production  of  clay  products  in  1912,  Webster  county 
with  ten  producers,  ranked  first ;  Cerro  Gordo  county  with  seven 
producers,  second;  Polk  county  with  eleven  producers,  third, 
and  Woodbury  county  with  three  producers,  fourth.  These 
four  counties  contributed  60  per  cent  of  the  total  value  of  the 
clay  industry.  Iowa  continues  to  be  the  premier  state  in  the 
manufacture  of  drain  tile,  the  value  of  this  product  in  1911 
having  been  $2,468,962  and  in  1912,  $2,293,084.  The  two  lead- 
ing producers  of  drain  tile  are  Cerro  Gordo  and  Webster  coun 
ties.  In  1912,  there  was  a  marked  increase  over  1911  in  the 
quantity  produced  and  the  value  of  paving  or  vitrified  brick. 

The  clay  product  is  tabulated  by  (».ounties,  in  Table  III  in 
which  the  distribution  of  the  leading  products  is  given : 
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TABLE  m. 

VALUE  or  IOWA  CLAY  AND  CLAY  PRODUCTS  FOR  1911, 

TABULATED  BY  COUNTIES. 


Counties 

No.  of  Pro- 
ducers 

Common 
Brick 

Paving 
Brick 

or 
Block 

F^ce 
Brick 

Drain 
Tile 

Other 

.Pro- 

ductst 

Total 
Value 

Adair            

1 
2 
2 
2 
4 
3 
3 
1 
1 
1 
2 
1 
7 
1 
1 
2 
8 
2 
5 
1 
3 
1 
3 
1 
1 
1 
2 
2 
2 
3 
1 
1 
1 
2 
3 
1 
1 

• 
• 
• 
• 

$         4,460 

40,685 

• 

• 
• 
• 
• 
• 

52,090 

• 

• 
• 
• 

8,512 

• 

• 
• 

41,000 

• 

« 
« 
« 
• 
« 

1,519 

• 

• 
• 
• 

• 

$      11,600 

• 

• 

1 

Adams  

Appanoose  

Andnhon 



. 

•      ^^^ 

■        III                 ■           ■    H  ^    ^ 

• 

t      lfi.OSO 

Boone — 

• 

« 

•             81,294 

Bnena  Vista  - 

20.010 

Butler 

1 

OAlhonn 

• 
• 

Carroll        

«. 

Cass      — — — - 

« 

• 

• 

Cedar 

-——.-. 

• 

Cerro  Oordo 

603,891  $  75,853 

731,834 

Clarke       

Clay     - — -- . 

a 

« 

.... 

Clayton  

Clinton         -    - 

« 
• 

^ 

si.So 

Crawford 

Dallas  

167,512 

4.970 ,       180.994 

Decatur     — — 

• 
• 
• 



Delaware 

5,620 

Des  Moines 

Dubuoue  

„„„^„„„„ 

41.000 

Payette 

• 

:::::::::::::::::::::::::: 

Ployd   

_ 

« 

• 

Franklin    ,  . . 

Fremont   

Oreene - 

« 
« 
« 
« 
« 
« 

Grundy  

« 

Guthrie 

«   ' 

9.420 

Hamilton 

•v.^urv 

Hancock 

Harrison 

« 
• 
• 
« 

Hardin 

• 

• 

t 

Henry  

• 
• 
• 
• 
• 
« 

27,712 

« 

— -- ... — 

'23.^ 

Howard 

Huniboldt 

Iowa  

3 

* 



19.600 

Jackson  

2            * 

4l           * 
4 1           « 

2            * 

Jasper 

ITKKS 

Jefferson  

♦"   \       afi'Sifl 

Johnson 

28.150 

Jones 

• 
23.591 

Keokuk  

10 
1 
2 
5 

• 

« 

30.202 

Kossuth 

• 

« 

Lee  

• 

« 

T/iTip  -^  _  ^    ^ 

• 

19,234 

Louisa   

2            ♦ 

I     1            ♦ 

• 

Lucas   

i 
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TABLE  m— Continued 


Counties 

No.  of  Pro- 
ducers 

CoBimon 
Brick 

Paying 
Brick 

or 
Block 

Face 
Brick 

Drain 
Tile 

Other 

Pro- 

ductst 

Total 
Value 

Mahaska  

Marion 

3 

3 
6 
4 
4 
2 
1 
1 

10,101 

• 

7,224 

• 

« 

« 

13,100 

13,340 

« 

« 
• 
• 
• 

« 
« 

« 

33.001 
38,280 

Marshall 

• 

16,716 

Mills     

5.500 

Muscatine 

« 
♦ 

7.537 

T*affe       

-_— — — 

« 

Palo  Alto 

Plymouth 

Pocahontas 

»' 

1 
11 

• 
153,174 

Polk   

167.983           ♦ 

* 

155,255 

587.356 

Pottawattamie 

3           32.209 

32.209 

Poweshiek 

4 
1 

* 
* 

23,099 

• 

« 

*  * 

25.498 

Sac           —    

1 

Scott 

Shelby   — 

Storv       

3 1           7,194 
1            * 

« 

*              32'230 

2 

6 1         19,839 

I  * 

II  * 

li 

3            * 

« 
* 

* 

1 

34.262 

Tama     - 

59.585 

Taylor   

Union 

*  ^ 

« 

Van  Buren 

• 

Wapello   

Warren 

* 

« 
• 

23,522 

♦           ~  43,187 

3 
6 

1 

11 
1 
1 

4 

2,110 

14,350 

« 

61,320 

* 

* 

" 

*              69,210 

Washington  — 
Wayne       

1 

♦              42J522 

Webster 

Winnebago 

Winneshiek 

«  _ 

708,287 

« 

319,990 

1,096,297 

Woodbury 

234,472 

• 
« 

♦ 

• 

300,886 

Worth  ...  -      1 

Wright  

**Pottery  

***Clay  sold 

Counties  with 
less  than  three 
Droducers 

3 
5 
3 

* 

♦       1 

31,400 

•""""-"*""*"■•*""' 

36,319 

3.965 

319,953 

103,384 

114.178 

700,134 

128,952 

658,058 

217 

Total  

$  1.026,011 

$    103,384 

$114,178 

$  2,468,962 

$685,020 

$  4,436,839 

tincludes  fancy  brick,  sewer  pipe,  flreprooflng,  etc. 
**Includes  Delaware,  Muscatine  and  Wapello  counties. 
♦**Includes  Hardin  and  Webster  counties. 
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TABLE  III— Continued 

VALUE  or  IOWA  CLAY  AND  CLAY  PBODUOTS  FOR  1912, 

TABULATED  BY  COUNTIES. 


Comities 

No.  of  Pro- 
ducers 

Common 
Brick 

Paying 
Brick 

or 
Block 

Face 
Brick 

Drain 
Tile 

Other 
Pro- 
ducts 

Total 
Value 

Adair          

1 

1 
1 
1 
2 

i 

3 

1 
1 
1 
1 
1 
.     7 
1     1 
2 
1 
3 
1 
5 
3 
1 
3 
1 
1 

? 

3 

1 
1 

.2 
2 
1 
2 
1 
6 
4 
3 
2 

10 
1, 
3' 

21 

ll 

11 
3. 

• 
« 
« 
« 
• 

$       18,498 

33,807 

• 

• 

« 

* 
* 

82,282 

AdftTTlA 

* 
« 
* 
* 

$      19,044 

* 

12,664 

Allamakee 

Appanoose  

Audubon 

• 

Benton 

« 
« 

$    '48,892 

Boone  

Buena  Vista 

* 

« 

67,096 
15.064 

Butler 

* 

nRihonn 

« 

• 

Carroll    - 

1 

Cass    - 



« 
* 

621.224 

« 

« 

« 

Cedar    - - 

Cerro  Gordo 

$180,831 

884,337 

Clarke 

CHay 

« 

Clayton  

« 
* 
* 

2,007 

2,880 

« 

48,500 

• 

• 
« 
« 
« 
« 
« 

♦ 

1 

16,720 

Clinton 

1 

« 

_M_'_~i-__ 

Crawford 

1 

— --i 

Dallas 

141,145 

« 

* 

10,188 

* 

153.340 

Delaware 

6.800 

Des   Moines 

Dubudue  

48,500 

Payette 

« 
« 
* 

Floyd 

« 
♦ 

TVftnklin 

Fremont    

Greene 

• 
* 

• 

Grundy  

* 

Guthrie 

... 1,  ^  -m V  1-  ^  ■ 

7,993 

• 

« 
• 

• 
• 

9,850 

• 
• 

11,256 

Hftinilton 

t 

Hancock 

Hardin  

^  ""^  ■■   »m  mm^  ^  am  ^  ^ 

• 
« 
« 
« 
* 
• 
• 
• 
• 

5.578 

• 

« 

21,169 

• 

« 
• 

Henry  

« 
• 

Howard 

Iowa  

Jackson 

' 

« 

17.305 

Jasper 

Jeuerson  

23,434 

« 

26,228 

« 

4,608 
_ 

« 

34.305 

Jobnsnn 

17.600 

Jones 

1 

Keokuk 

32,819 

Kossuth  

« 

1 

• 

Lee  

7.250 

Linp 

6,320 

« 

« 

27,489 

Louisa 

Lucas 1 

Madison ' 

« 
17,300 

Mahaska  _ 

15,710 

• 

• 

41310 
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TABLE  ni— Continued 


Counties 

No.ofPro- 
docera 

Common 
Brick 

Paving 
Brick 

or 
Block 

Face 
Brick 

Drain 
Tile 

Other 
Pro- 
ducts 

Total 
Value 

Marion 

8 

11 

• 

9,311 

6,650 

« 

• 

9,500 
55,360 

• 

4L800 

Marshall 

• 

93.971 

Mills 

&550 

Muscatine        

• 

8.191 

Pasre  - 

Palo  Alto 

• 

• 

Plymouth 

Pocahontas 

« 

w  »  —  «>  w«««m' 

• 
« 

Polk   

""""135,891 
32.172 

* 

• 

161.697 

582,878 

Pottawftttaip  le 

a 

• 

32.172 

Poweshiek               4  -           • 

1 

24.974 

• 

• 

• 
• 
• 

29.004 

Sac          

1 

4 
1 
2 
6 
1 
1 
2 
3 
2 
5 
1 
1 

10 
3 
1 
1 
4 
4 

• 

16,518 

• 

« 
• 
• 
« 

« 

28,486 

» 

« 

• 
« 

90,334 

*       1 

.»^-«^^^^>mI 

Scott       

1 
1 

44.071 

Shelby 

. 

' 

Story  

*  *      ~ 

♦  25.857 

• 

Tama 

~59!619 

Tavlor 

Union   

• 
* 
• 
• 

20,292 

* 

• 

Van  Buren 

1 

Wapello  

Warren 

« 

•      j 

• 
• 
• 

44.607 

Washinirton 

32.587 

Winnebago 

1 

Winneshiek 

1 

Webster 

Woodbury 

Worth 

• 

• 

1 

....... 

587,808 

« 

257.917 

• 

946.058 
309.466 

Wright  

• 

* 

**Pottery  

^ .„«„«! 

30.141 

*^Clay  sold 

__•>_              ^mm—        „  1  ____.  — _  —  __^ 

1 

2,166 
831.128 

Counties  with 
less  than  three 
producers 

] 

467.404 

197.035 

1 

1142,687 1      684,091 

227.091 

Total  

207 

$  1,017,097 

(    197,035 

142,637 

684.091 

227.091 

831,128 

tincludes  fancy  brick,  sewer  pipe,  flreprooflng,  etc. 
**Includes  Delaware.  Muscatine  and  Wapello  counties. 
***Includes  Hardin  and  Webster  counties. 
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The  following  table  shows  the  rank  of  the  ten  leading  states 
in  value  of  clay  products  in  1911  and  1912.  It  includes,  also, 
the  number  of  operating  firms  and  the  percentage  of  the  total 
value  produced  by  each  of  the  ten  states : 


TEN  LEADING  STATES  IN  VALUE  OP  CLAY  PRODUCTION  IN 

1911  AND  1912.^ 

1911. 


State 


Ohio  

Pennsylvania 
New  Jersey  — 

Illinois  - 

New  York 

Indiana 

Missouri   

California  — 
West  Virginia 
Iowa  


Number 
of  Oper- 
ating 
Firms 
Report 'g 


Total  for  United  States. 


Value  not 

including 

raw  clay 

sold 


Percent- 
'     age  of 
,      Total 

Product 


1 

633 

2 

423 

3 

162 

4 

330 

5 

222 

6 

302 

7 

122 

8 

92 

10 

55 

9 

214 

A  ROQ 

32,663,895 

20,270,033 

18,178,228 

14,333,011 

10,184,376 

7,000,771 

6,274,353 

4,915,866 

4,333,420 

4,432,874 


20.13 
12.49 
11J21 
8.83 
6.28 
4.32 
3.87 
3.03 
2.67 
2.73 


4,628  $    162,236,181 


100.00 


1912. 


State 


No.  of 
Operat'g 

Firms 
Report 'g 


Value  not 

including 

raw  clay 

sold 


Percent- 
age of 
Total 

Product 


Ohio   

Pennsylvania 
New  Jersey  — 

Illinois 

New  York 

Indiana  

Missouri   

California  — 
West  Virginia 
Iowa  


Total  for  United  States. 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 


I 


596  $ 

393 

155 

301 

219 

278 

110 

91 

54 
200 


34,811,508 

21,537,221 

19,838,553 

15,210,990 

12,058,858 

7,935.251 

6,412,861 

5,912,450 

4,775,874 

4,522,326 


20.14 
12.46 
11.48 
8.80 
6.98 
4.59 
3.71 
3.42 
2.76 
2.62 


4,284  $    172,811,275 


100.00 


It  will  be  seen  from  this  table  that  in  1911  Iowa  ranked  ninth 
and  in  1912,  tenth. 

'Advance  chapter  from  Mineral  Resources  of  the  United  States  for  1912. 
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MINERAL  PRODUCTION  IN  IOWA  FOR  1911  AND  1912 


STONE   AND   LIME. 

The  quarry  production  for  1911  and  1912  showed  a  marked 
increase  over  1910.  The  value  of  the  output  in  1910  was 
;$639,831,  in  1911  the  value  reached  $817,121,  and  in  1912  the 
record  figure  of  $998,236  was  reached.  The  output  for  1911 
and  1912  was  distributed  as  follows: 


1911 


1912 


Limestone- 
Building  

Riprap  and  rabble 

Crushed  stone- 
Road  making 

Railroad  baUast 

Ck)ncrete  

•Other  purposes 

Lime  

Total  limestone  and  lime 

Sandstone    — 

Total  stone  and  lime 


39,350 
118,471 

39,496 

162,704 

267,936 

51,938 

80.914 


54,809 
155,945 

30,821 

235,326 

404,302 

63,682 

51,800 


$760,809         $996,685 


$  56,312    ;     $    1,551 


$817,121    '     $998,236 


♦Paving,  curbing,  flagging,  etc. 

The  distribution  of  limestone  and  lime  is  given,  bv  counties,  i?i 
Table  IV. 
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The  tables  show  that  a  large  part  of  the  stone  was  used  for 
concrete  and  railroad  ballast.  Lee  comity  produced,  in  1912, 
more  than  one-third  of  the  total  output.  This  was  due,  to  a 
considerable  extent,  to  the  large  amount  of  limestone  used  by 
the  Mississippi  Power  Company  in  the  construction  of  the 
Keokuk  dam. 


SAND  AND  GBAVEL. 

The  value  of  the  sand  and  gravel  industry  in  1911  was 
$393,649  and  in  1912,  $563,409,  the  latter  figure  being  higher 
than  that  of  any  previous  year  on  record. 

The  sand  and  gravel  sold  during  1911  and  1912  may  be 
classified  as  follows: 


Kind- 


Sand  used  lor— 

Molding 

Building  

Engine  

Other   sand 

Gravel   

Total  sand  and  gravel 


1911 


Value 


$    4,582 

226.675 

5,527 

31,842 

125,023 


$393,649 


1912 


Value 


$    3,572 

328,882 

4,556 

68,543 

157,856 


$563,409 
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Table  V  shows  the  distribution  of  sand  and  gravel  by  counties 

TABLE  V. 

VALUE  OF  SAND  AND  GRAVEL  PRODUCED  IN  IOWA  IN  1911. 


County 


Appanoose  .. 

Audubon  

Black  Hawk. 

Bremer 

Buena  Vista. 

Butler  

Carroll  

Cherokee 

Clayton  

Clinton 

Des  Moines  .. 

Dickinson   

Dubuque   

Emmet  

Fayette   

Floyd  

Greene  

Grundy  

Hardin  

Howard 

Ida  

Johnson  

Jones 

Lee  

Linn 

Louisa   

Lyon  

Marion  

MarshaU  

Monona  

Muscatine  ... 

O'Brien 

Osceola 

Page  

Palo  Alto 

Pljonouth  -.- 

Polk   

Sac 

Scott 

Sioux  

Story  

Van  Buren 

Wapello  

Webster 

Winnebago  — 
Winneshiek  — 
Woodbury  — 
Wright  


No.  of 
Producers 

Molding 
Sand 

Building 
Sand 

Engine 
Sand 

Other 
Sand 

1 

Gravel 

Total 

1 
5 
7 
4 
2 
2 
1 
5 
1 
9 
2 
1 
5 
5 
4 
1 
1 
1 
3 
1 
4 
4 
1 
2 
7 
1 
3 
2 
2 
1 
1 
4 
2 
1 
3 
9 
13 
2 
2 
6 
8 

• 

1 

$     10,525 
13,340 

, _ 

11111111$       6,700 
♦ 

1 

ft 

$"T709 

ft 

• 

• 
9,355 

$      10.648 

$           950 

20,990 
4.917 

* 
• 

3,440 



ft 
ft 

1.741 

ft 

ft 
ft 

1 

14!554 

2,998 

•  ■ 

• 

8,601 
5,425 
4,855 

ft 

15,405 

ft 

19,251 

• 
• 

ft 
ft 

ft 
ft 

ft 
ft 
ft 
ft 
ft 

21,439 
6,175 
5,202 

1 

* 

1 

• 
• 
• 
• 

5,202 

• 

• 

17,034 

• 

5,445 

• 

1 

ft 

ft 

1 

|. ......... 

1 

1     • 

1 

- 

1,609 

t 
1 

. 

ft 
ft 

1 

ft 
1 

5,575 

22,884 

♦ 

ft 

- 
• 

8'445 

- 

• 
• 

6,840 

• 

» 
» 

13.686 

55,096 

♦ 
• 

3,060 

5,122 

ft 

» 
1          1.624 

......___. 

ft 

ft 
ft 
ft 

6~868 

^  " ""  ^  ^        ^     ^ 

■ 



ft 

ft 
ft 

23.070 

ft 

ft 
ft 

1,531 

5.839 

$""939 

ft 

****** 

15,198 

"♦ 

84.058 

3.747 

6,803 

1 

2 
4 

1 
2 
5 
3 

• 
» 

ft 

ft 
ft 
ft 

i 

ft 
ft 

2,201 

^  ^  ^  ^  ^  ^^  ^  ^  mm  ^ 

• 

1                  • 

'         4,995 

ft 

ft 

ft 
ft 
ft 

5,895 
5,354 
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TABLE  V—Continued 


County 

No.  of 
Producers 

Idolding 
Sand 

• 

Building 
Sand 

Engine 
Sand 

Other 
Sand 

Gravel 

Total 

Counties  with 
less  than  three 
producers 

3,6312 

59,387 

1      4;»ft 

1 
23,401 

66,378 

121,572 

$     393,649 

Total  jl57 

$         i582 

i    226,675$    5,527 

$     31.842  $125,023 
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TABLE  V-Continued 
VALUE  OF  SAND  AND  GRAVEL  PRODUCED  IN  IOWA  IN  1912. 


County 


8 


Molding 
Sand 


Appanoose  1 

Audubon  3 

Black  Hawk 8 

Bremer 3 

Buena  Vista 3 

Butler I  2 

Cherokee  :  4 


Clayton  

Des  Moines 

Dubuque   

Fayette   

Floyd  

Greene   

Grundy  — ^ 

Hardin  

Howard 

Ida  

Johnson 

Jones 

Lee  

Linn 

Louisa 

Lyon   

Marion  

Marshall  

Muscatine 

O'Brien 

Osceola 

Palo  Alto 

Plymouth 

Polk  

Sac 

Scott  

Sioux  

Story  

Van  Buren 

Wapello 

Webster 

Winnebago 

Winneshiek 

Woodbury 

Wright  

Counties  with 
less  than  three 
producers 


Total 


8 
2 
4 
5 
1 
1 
1 
3 
1 
2 
4 
1 
3 
5 
1 
6 
3 
2 
2 
2 
2 
3 
8 
14 
3 
2 
6 
5 
1 
3 
2 
1 
2 
5 
2 


140 


Building 
Sand 


Engine 
Sand 


Other 
Sand 


Gravel 


Total 


$         3,572 


$         3,572 


14.900 


7.900 
5.125 


15.290 


13.175 

» 

* 
» 
* 


15,257 
105,172 

16.725 

2.033 

* 


12.650 


120.655 


$    328.882 


» 


» 


6,940 


2,970 

« 


» 
« 


• 

"""      ■"* 

« 

$    3,283 

* 

* 

$  22'590 
3,283 
1.088 

5.830 

17,158 

« 

16.700 
24.865 

10,081 
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« 

17.973 
5,414 

« 

« 
» 

3.533 

» 
« 

* 


« 

5,324: 

« 


» 
» 
* 

* 


9,943 
29,359 


7,925 


* 

* 


* 

* 


8,428 


5.452 
18.680 


19.237 
17.288 


9,943 

19.707 

148,302 

27,722 


24.650 
5.530 


22,522 


16,120 


$    4,556 1       58,633      68,6641       124.382 


$    4,556  $      68,543  $157,856  $     563,409 


GYPSUM 

GYPSUM. 
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The  value  of  the  gypsum  industry  in  Iowa,  in  1911,  was 
$871,752  and  in  1912,  $845,628.  The  figures  for  both  of  these 
years  are  smaller  than  for  1910  when  the  value  of  the  output  of 
gypsum  was  $943,849,  the  largest  figure  in  the  history  of  the 
industry  in  the  state. 

The  principal  items  of  production  and  distribution  were  as 
follows : 


1911 


1912 


Short  tons 


Crude  g31>sum  mined 

Distributed  as  f oUows— 
Sold  crude— 
To  Portland  cement  miUs, 
paint    miUs,    plaster 
miUs,  and  as  land  plas- 
ter   

Sold  calcined— 

As  hard  waU  plaster 

As  plaster  of  Paris,  etc 

Other  purposes 

Total  sold  calcined 


354.204 


11,032 


195,274 

26.501 

8,115 

229,890 


Value       Short  tons       Value 


411,186 


Total  sold. 


240,922 


$  14,465 


777,095 
60,546 
19,646 


42,443         $  40,824 


223,756 

1,282 

48,078 


708,198 

4,575 

92,031 


$857,287 


^    I 


273,116    ,     $804,804 


$871,752 


315,559  I  $845,628 


In  both  years,  1911  and  1912,  there  were  seven  mines  and  six 
miUs  in  operation.  No  gypsum  has  yet  been  mined  from  the 
deposit  at  CenterviUe  which  was  found  in  1910,  by  the  Scandi- 
navian Coal  Company  while  prospecting  for  coal.  A  company 
has  been  formed  and  a  shaft  is  being  sunk  of  sufficient  size  to 
be  used  in  hoisting  the  gypsum  to  the  surface. 

LEAD  AND  ZINC. 

During  1911  and  1912  there  was  little  activity  in  the  lead  and 
zinc  region  in  the  vicinity  of  Dubuque.    The  Avenue  Top  mine 
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which  was  in  operation  in  1910  was  closed  during  1911  and  1912. 
The  lead  derived  from  lead  concentrates  obtained  from  small 
mines,  as  a  result  of  development  work,  was  sixty  tons,  valued 
at  $5,400,  in  1911,  and  sixty-three  tons,  valued  at  $5,670,  in  1912. 

The  outlook  for  any  marked  improvement  in  the  lead  and 
zinc  industry  in  Iowa,  in  the  near  future,  is  not  promising. 

MINERAL  WATERS. 

The  v^lue  of  mineral  waters  sold  in  1911  was  $20,500,  and  in 
1912,  $11,325.  These  figures  show  a  decrease  when  compared 
with  1910,  when  the  value  of  mineral  water  was  $27,175.  In 
1911  the  total  quantity  sold  was  176,000  gallons,  and  in  1912, 
84,300  gallons.  About  one-fifth  of  the  output  was  sold  for 
medicinal  purposes,  the  remainder  for  table  use.  The  Crystal 
Spring,  at  Estherville,  reported  for  the  first  time  in  1911,  and 
in  1912  the  Egralharve,  on  the  west  shore  of  Lake  Okoboji, 
began  to  produce.  The  six  reporting  springs  in  1912  were  as 
follows: 

Crystal  Spring,  Estherville,  Emmet  County. 
Egralharve  Spring,  Montgomery,  Dickinson  County. 
Fry's  Spring,  Colfax,  Jasper  County. 
Heston's  Spring,  Fairfield,  Jefferson  County. 
Red  Mineral  Springs,  Eddyville,  Wapello  County. 
White  Sulphur  Spring,  Davenport,  Scott  County. 

PORTLAND  CEMENT. 

Iowa  now  has  three  up-to-date  Portland  cement  plants,  two 
of  which  are  at  Mason  City  and  the  third  at  Des  Moines.  The 
Lehigh  Portland  Cement  Company,  of  Mason  City,  first  began 
to  produce  in  1911.  The  output  of  the  three  plants  in  1911  was 
1,952,590  barrels  with  a  value  of  $1,881,253.  In  1912  these 
same  plants  shipped  3,190,354  barrels  with  a  value  of  $2,790,396, 
which  is  an  increase  of  nearly  50  per  cent  over  the  value  of 
1911.  Iowa  has  an  abundance  of  raw  material  for  Portland 
cement  and  hence,  year  by  year,  larger  and  larger  productions 
may  be  confidently  expected. 


NATURAL  GAS 
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The  growth  of  the  Portland  cement  industry  in  the  United 
States  has  been  exceedingly  rapid.  The  figures  for  the  quantity 
and  value  of  the  Portland  cement  shipped  by  the  ten  leading 
states  in  1912  are  as  follows : 

SHIPMENT  or  PORTLAND  CEMENT  BY  STATES,  1912.* 


State 


Shipping 
Plants 


Qaantity 

(Barrels) 


Value 


Average 

Price 

I)er 

Barrel 


Pennsylvania 

Indiana  

California — 

Missouri 

lUinois    

New  York 

New  Jersey- 
Michigan    

Kansas 

Iowa 


Total  (ten  states)... 
Total  (other  states). 


Total.  United  States. 


26 
5 
8 
5 
5 
7 
3 
10 
12 
3 


27,539,076 
9,634,582 
6,093,790 
4,614,547 
4,602,617 
4,543,060 
4,490,645 
3,651,094 
3.592,148 
3,190,354 


71,951,913 
13,060,643 


85,012,556 


$18,918,165 
7,237,591 
8,215,894 
3,700,776 
3,444,085 
3,448,735 
3,052,098 
3,145,001 
2,815,113 
2,790,396 


$56,767,854 
$12,341,946 


$69,109,800 


10.687 
.761 
1.348 
.802 
.748 
.759 
.680 
.861 
.784 
.875 


SAND-LIME  BRICK. 

The  production  of  sand-lime  brick  in  Iowa  has  declined  rap- 
idly  during  the  past  few  years.  In  .1909  the  value  of  the  output 
was  $48,210,  in  1910  it  had  decreased  to  $31,269.  In  1911  and 
in  1912  there  were  only  two  producers  and  during  each  of  these 
years  the  production  was  considerably  less  than  in  1910. 

NATURAL  GAS. 


In  Louisa  county  small  amounts  of  gas  continue  to  be  ob- 
tained from  pockets  of  sand  in  the  drift.  This  gas  is  used  for 
illuminating  purposes.  In  1911,  the  total  value  of  the  gas  was 
$70  and  in  1912,  $120. 

'From  advance  chapter  of  Mineral  Besonrces  for  1912. 
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IRON  ORE. 

Although  the  Missouri  Iron  Company  has  been  carrying  for- 
ward experimental  work  on  an  extensive  scale  in  connection 
with  the  Waukon  iron  ore,  no  ore  has  yet  been  mined  for  com- 
mercial purposes. 
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ROAD  AND  CONCRETE  MATERIALS  IN  IOWA 


BY  S.  W.  BEYER  AND  H.  P.  WRIGHT. 


Introduction 

The  materials  in  Iowa  which  properly  come  under  the  above 
classification  are: 

A.  Natural  Products, — including  sand  and  gravel,  lime- 
stone, sandstone,  glacial  bowlders-  and  clay,  mostly  loess  clay. 

B.  Manufactured  products  of  clay  and  limestone. 

In  counties  rich  in  road  and  concrete  materials,  especially 
those  counties  in  which  these  materials  are  generally  distrib- 
uted over  the  entire  county,  no  attempt  is  made  to  list  or 
map  all  of  the  possibilities.  Only  the  more  important  or  more 
representative  deposits  are  recorded.  In  counties  poorer  in 
such  materials  the  records  are  more  complete. 

A.  NATURAL  PRODUCTS.  Sand  and  GraveZ.— Nearly 
three-fourths  of  the  counties  in  the  state  are  supplied  with 
sand  and  gravel  suitable  for  some  form  of  road  work.  Not 
all  of  these  counties  have  a  sufficient  quantity  within  their 
borders  to  improve  all  of  the  roads,  but  enough  for  use  on 
the  main  roads.  The  principal  supply  must  be  obtained  from 
the  larger  streams,  or  from  their  immediate  vicinity.  Such 
sands  and  gravels  occur  as  terraces  or  so-called  *' second  bot- 
tom deposits,'*  and  in  the  present  channels  of  the  streams. 
Terrace  gravels  are  especially  important  along  the  streams 
which  flow  from  the  Wisconsin  Drift  area  in  north-central 
Iowa.  Well-known  pits  in  which  these  terrace  gravels  are 
being  developed  are  located  at  Mason  City,  Iowa  Falls,  Clif- 
ford, Belmond,  demons,  in  and  around  Des  Moines,  near  Grand 
Junction,  Lake  View,  Spencer,  Cherokee,  Milford,  and  well 
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within  the  Wisconsia  area,  Emmetsburg  and  Estherville. 
These  terraces  furnish  an  enormous  quantity  of  material  suit- 
able for  road  and  concrete  work,  not  only  sufficient  for  the 
needs  of  the  counties  in  which  they  are  located,  but  for  neigh- 
boring counties  less  fortunate  in  available  road  materials.  In 
addition  to  stream  and  terrace  gravels,  gravel  knobs,  geolog- 
ically known  as  kames,  are  common  in  the  north-central  por- 
tion of  the  state.  Some  of  these  gravel  hillocks  are  conspicuous 
topographic  features.  The  best  known  examples  are  Ocheyedan 
Mound  in  Osceola  county,  and  Pilot  Mound  in  Boone  county. 
While  individual  deposits  of  this  type  are  usually  not  great, 
the  number  of  mounds  available  will  afford  an  important  re- 
source for  road  making.  Intexstream  gravels  are  of  some 
importance  in  northeastern  Iowa,  from  Howard  and  Mitchell 
on  the  north,  at  least  as  far  south  as  Buchanan  and  Black 
Hawk  counties.  Similar  outwash  gravel  plains  cover  consider- 
able portions  of  O'Brien  and  Osceola  counties  in  northwestern 
Iowa  and  add  considerably  to  the  sum  total  of  sand  and  gravel 
suitable  for  road  work.  Much  of  the  terrace,  stream  and 
interstream  gravels  are  suitable  for  concrete  work.  The  kame 
gravels  often  carry  too  much  clay  for  first  class  concrete,  but 
can  be  used  when  the  clay  is  washed  out. 

Limestone. — Limestone  is  available  in  quantity  sufficient  for 
road  and  concrete  purposes  in  rather  more  than  two-fifths  of 
the  counties  of  the  state.  The  stone  varies  greatly  in  compo- 
sition and  physical  properties,  and  therefore  in  its  suitability 
for  road  and  concrete  work.  The  leading  quarries  and  out- 
crops of  limestone  are  to  be  found  in  the  eastern  half  of  the 
state,  especially  in  those  counties  immediately  bordering  the 
Mississippi  river  and  its  larger  tributaries.  A  few  of  the 
inland  counties  are  well  supplied  with  a  good  grade  of  lime- 
stone, notably  Humboldt,  Hardin,  Marshall  and  Wapello 
counties. 

Sandstone. — Sandstone  is  not  as  widely  distributed  in  Iowa 
as  limestone,  and  as  a  rule,  barring  the  Sioux  quartzite,  which 
is  a  completely  cemented  sandstone,  is  not  sufficiently  indurated 
for  road  work  and  deserves  no  further  mention. 
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Glacial  Bowlders. — Granitoid  and  gneissoid  bowlders  are  to 
be  found  in  great  numbers,  and  oftentimes  of  large  size,  in 
the  north-central  portion  of  the  state.  They  are  especially 
common  on  the  Wisconsin  and  lowan  drift  surfaces.  Glacial 
bowlders  afford  material  much  more  resistant  to  wear  than 
limestone  and  gravel,  and  when  crushed  and  properly  sized 
could  be  used  as  a  wearing  surface  on  macadam  and  concrete 
roads.  The  cost  per  cubic  yard  would  considerably  exceed 
the  cost  of  the  gravel  and  crushed  limestone. 

Clay. — In  certain  portions  of  the  state  roads  are  almost  im- 
passable during  certain  seasons  of  the  year  on  account  of 
their  sandy  character.  Such  roads  are  especially  common  in 
the  vicinity  of  the  larger  streams,  notably  on  the  east  side  of 
such  streams.  The  sandy  roads  may  be  greatly  improved  by 
the  addition  of  clay,  especially  the  loess  days  which  form  a 
surface  veneer  over  the  upland  portion  of  the  southern  half 
of  the  state  and  large  areas  of  upland  in  the  eastern  and  west- 
em  quarters  of  the  north  half.  The  treatment  of  sand  roads 
with  clay  would  probably  be  less  expensive  than  the  surfacing 
of  day  roads  with  sand  and  gravel. 

While  the  use  of  clay  in  road  work  is  important  in  certain 
Iowa  counties,  and  of  more  or  less  importance  in  nearly  all, 
it  is  not  considered  within  the  province  of  this  report. 

B.  MANUFACTURED  ROAD  MATERIALS.  Burnt  Clay 
Products. — ^Burnt  clay  products  suitable  for  road  work  are 
burnt  clay  ballast  and  brick.  Burnt  clay  ballast  was  manu- 
factured in  considerable  quantities  some  years  ago  and  used 
as  ballast  by  several  of  the  leading  railroads  in  Iowa.  There 
is  no  reason  why  burnt  clay  cannot  be  used  for  public  road 
work  where  other  materials  are  scarce,  and  the  price  prohibi- 
tive. Clays  suitable  for  burnt  clay  ballast  are  widely  dis- 
tributed over  the  state,  espedally  in  the  south-central  portion 
where  gravel  and  limestone  are  scarce  or  wanting.  The  burnt 
clay  used  by  railroads  is  not,  as  a  rule,  suflSdently  burned  to 
be  used  as  a  substitute  for  either  gravel  or  limestone.  In  or- 
dinary practice  not  more  than  fifty  to  sixty  per  cent  of  the 
clay  is  reduced  to  a  clinker.     The  under-burned  clay  slakes 
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when  exposed  to  the  weather.    It  is  believed,  however,  that  a 
better  clinker  can  be  produced  by  using  more  fuel, 

2.  Portland  Cement. — ^In  the  manufacture  of  permanent 
roads,  Portland  cement  is  one  of  the  most  expensive  and  im- 
portant materials  used.  Three  Portland  cement  plants  are  in 
operation  in  Iowa  at  the  present  time,  insuring  a  high  grade 
of  cement  at  reasonable  cost. 

Brick  and  concrete  are  certain  to  assume  importance  when 
Iowa  reaches  the  stage  of  building  ** Permanent  Roads.**  The 
present  report  is  confined  to  a  discussion  of  natural  materials. 
In  addition  to  a  consideration  of  the  geology  and  distribution 
of  road  and  concrete  materials,  the  report  contains  in  tabu- 
lated form  the  results  of  several  hundred  tests  of  sands  and 
gravels  and  limestones,  and  directories  of  the  commercial  pro- 
ducers of  these  materials. 

The  writers  were  assisted  with  the  field  work  by  Professors 
Ira  A.  Williams  and  W.  F.  Coover  and  Mr.  James  H.  Lees, 
Assistant  State  Geologist,  and  later  by  Mr.  A.  W.  Hess.  Most 
of  the  laboratory  tests  were  made  by  C.  E.  Scott,  H.  B.  Tyson 
and  L.  S.  Packman. 

The  work  was  carried  on  in  cooperation  with  the  Engineering 
Experiment  Station  of  the  Iowa  State  College.  All  of  the  labor- 
atory work  was  done  in  the  station  laboratories.  A  brief  of  this 
report  will  appear  as  an  Engineering  Experiment  Bulletin. 
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GKNERMi  CONSIDERATIONS. 


The  ProtarosQlc. 


The  Proterozoic  is  represented  by  the  Sioux  Quartzite,  which, 
while  known  to  underlie  a  considerable  area  in  the  northwest 
comer  of  the  state,  exhibits  outcrops  over  a  very  limited  ter- 
ritory in  the  extreme  northwest  corner  of  Lyon  county.  Small 
openings  have  been  made  and  small  quantities  of  the  indurated 
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sandstones  have  been  removed  from  time  to  time.  While  Iowa 
is  capable  of  producing  much  larger  quantities,  owing  to  lack 
of  transportation  facilities  the  trade  is  supplied  from  the  quar- 
ries at  Sioux  Falls,  South  Dakota,  and  the  Pipestone  district 
in  Minnesota. 

The  stone  varies  from  a  light  pink  to  a  deep  purple  in  color, 
with  shades  of  red  prevailing.  It  also  varies  greatly  in  state 
of  induration,  texture  and  structure.  As  a  rule  it  is  typically 
quartzitic,  presenting  the  characteristic  porcelain-like  fracture 
on  freshly  broken  surfaces.  Occasionally  it  is  poorly  cemented 
and  may  be  crumbled  between  the  thumb  and  fingers.  In  tex- 
ture it  presents  normally  a  fine  even  grain,  although  conglom- 
eratic facies  on  the  one  hand  and  slaty  on  the  other  are  known. 
In  general  the  quartzite  occurs  in  fairly  heavy  to  massive 
beds,  in  approximately  horizontal  position  or  dipping  at  a  low 
angle.  In  places  the  beds  thin  greatly,  lack  constancy  and  even 
show  false  bedding. 

The  normal  quartzite  affords  the  most  durable  structural 
material  native  to  Iowa,  and  is  especially  well  adapted  for 
heavy  masonry,  street  paving,  road  surfacing,  especially  for 
the  wearing  course  on  concrete  road  construction  and  for  all 
purposes  where  strength  and  durability  are  required.  It  is 
also  well  adapted  for  use  in  fronts  and  trimmings  of  buildings. 
It  takes  and  holds  a  high  polish  and  is  desirable  for  decorative 
purposes.  On  account  of  its  great  hardness  it  is  expensive 
to  dress  and  because  of  this  fact  will  never  be  used  extensively 
save  for  the  most  costly  and  permanent  structures. 

The  Cambrian. 

POTSDAMIAN  SERIES. 
The  Saint  Croix  Sandstone. 

Only  the  uppermost  division  of  the  Cambrian  is  known  to 
occur  in  Iowa.  The  principal  outcrops  are  confined  to  the 
Mississippi  river  and  its  immediate  tributaries  in  Allamakee 
and  Clayton  counties  and  are  referred  to  the  Saint  Croix  stage, 
supposed  to  be  the  equivalent  of  the  Potsdamian  of  New  York. 

The   Saint  Croix  comprises  three   rather   easily  separable 
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members,  the  Dresbach  sandstone,  the  Saint  Lawrence  lime- 
stone and  shales  and  the  Jordan  sandstone,  named  in  ascend- 
ing order.  As  a  rule  all  of  the  beds  comprising  the  series  are 
wholly  unindurated  or  are  but  poorly  indurated  and  as  a  con- 
sequence are  of  but  small  importance  as  a  source  of  road  and 
concrete  materials.  Certain  layers  immediately  below  the  Saint 
Lawrence  shales  are  slightly  indurated  and  have  been  used 
to  some  extent  for  structural  purposes.  So  far  as  known  such 
use  has  been  confined  to  Allamakee  county.  The  chief  openings 
were  made  along  the  Mississippi  and  immediate  tributaries 
from  New  Albin  to  Lansing  and  in  a  horizon  varying  from 
one  hundred  to  one  hundred  and  fifty  feet  above  the  river. 

The  sandstone  carries  a  calcareous  cement,  lacks  durability 
and  is  not  readily  accessible.  It  deserves  mention  only  as  hav- 
ing been  used  to  a  very  limited  extent  as  a  structural  material. 

The  Ordovidan. 

The  Ordovician  system  of  rocks  comprises  three  series,  a 
lower,  the  Canadian,  a  medial,  the  Mohawkian  and  an  upper, 
the  Cincinnatian.  The  first  may  be  readily  subdivided  into 
two  stages,  one  of  which  is  prevailingly  a  massive  dolomite 
and  known  in  the  later  publications  of  the  United  States  Geolog- 
ical Survey  as  the  Prairie  du  Chien  limestone*  and  the  other, 
a  well-marked  sandstone  horizon,  the  Saint  Peter. 

The  Prairie  du  Chien  limestone  comprises  a  lower  massive 
dolomite  which  the  present  Survey  has  designated  the  Oneota 
limestone,  a  medial  sandstone,  the  New  Eichmond,  and  an 
upper  dolomite,  the  Shakopee  limestone.  Near  the  base  of  the 
Oneota  limestone,  above  about  ten  to  fifteen  feet  of  arenaceous 
limestone,  thirty  to  forty  feet  of  evenly  bedded  dolomite,  ex- 
cellently adapted  for  the  various  grades  of  dimension  stone 
and  other  structural  purposes,  constitute  the  most  important 
horizon  in  the  Prairie  du  Chien  limestone. 


•In  the  reports  on  Winneshiek  and  Clayton  counties,  volume  XVI  of  these 
reports,  this  stagre  is  called  the  Lower  Magrnesian,  but  this  term  Is  now  super- 
seded by  the  one  here  used  in  accordance  with  a  recent  decision  of  the  Board 
of  Geologic  Names  of  the  U.  S.  Geologrical  Survey.  See  Lancaster-Mineral  Point 
Folio,  pagre  3. 
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The  beds  representihg  the  S£tint  Peter  sandstone  are  usually 
not  suflSciently  indurated  to  merit  consideration  as  road  or 
concrete  material.  Occasional  beds  are  indurated  locally  and 
have  been  developed  to  a  very  limited  extent. 

The  Mohawkian  series  comprises  the  Platteville  and  the 
Galena  stages,  according  to  the  present  terminology  adopted 
by  the  Survey.  All  of  the  members  furnish  some  indurated 
material,  although  quarrying  operations  have  been  limited  to 
the  Platteville  and  to  the  dolomitized  portion  of  the  Galena. 
The  most  important  horizon,  known  as  the  *  ^  Lower  Buff  Beds, '  * 
attaining  a  thickness  of  more  than  twenty  feet,  occurs  near 
the  base  of  the  Platteville  and  is  separated  by  a  few  feet 
of  shale  from  the  Saint  Peter  sandstone. 

The  upper  Platteville,  while  usually  thinly  bedded  and  often 
decidedly  argillaceous,  is  quarried  to  some  extent.  The  Galena 
limestone,  as  it  occurs  in  Dubuque  county,  affords  stone  suit- 
able for  massive  masonry  and  has  been  so  utilized  to  a  limited 
extent.  To  the  northward  it  becomes  less  magnesian  to  non- 
magnesian  and  is  practically  worthless  as  a  dimension  stone. 
The  Galena  is  separated  from  the  Platteville  by  a  calcareous 
shale,  the  ^'Decorah  Shale ^'  of  Professor  Calvin,  the  ''Green 
Shales'*  of  the  Minnesota  geologists,  which  is  worthless  save 
as  a  possible  source  of  material  for  cement  manufacture. 

The  uppermost  series,  the  Cincinnatian,  which  in  Iowa  in-  . 
eludes  only  the  Maquoketa,  is  of  small  importance  as  a  source 
of  quarry  products.  The  Middle  Maquoketa  cherts  may  prove 
to  be  serviceable  road  material,  while  the  calcareous  to  dolo- 
mitic  layers  in  the  Lower  and  Upper  Maquoketa  have  been 
quarried  locally.  The  shales  of  the  Lower  Maquoketa  afford 
material  suitable  for  the  manufacture  of  Portland  cement. 

It  is  probably  true  that  no  other  rock  system  is  potentially 
richer  in  quarry  products  than  the  Ordovician.  This  wealth  of 
material  has  been  but  little  developed  in  Iowa.  The  lack  of 
development  is  due  to  several  causes.  In  the  first  place,  first- 
class  material  constitutes  only  a  small  proportion  of  the  entire 
aissemblage  of  beds.  While  the  demand  for  the  waste  which 
could  be  utilized  as  crushed  stone  has  been  small,  it  is  growing 
rapidly  on  account  of  the  demand  for  road  material  and  aggre- 
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gate  for  concrete.  In  the  second  place  the  counties  in  which 
the  Ordovician  beds  occur  are  poorly  supplied  with  transpor- 
tation facilities  away  from  the  immediate  vicinity  of  the  Mis- 
sissippi river.  Stone  of  usable  quality  can  be  obtained  in 
every  township,  oftentimes  on  every  farm  over  considerable 
portions  of  the  Ordovician  area.  The  outlook  is  encouraging 
and  greater  activity  may  be  confidently  expected  in  the  near 
future. 

The  Silurian. 

NIAQARAN  SERIES. 

The  Niagaran  limestone,  as  developed  in  Iowa,  comprises 
two  stages,  the  Hopkinton,  typically  developed  in  Delaware 
and  adjoining  counties  and  formerly  known  as  the  Delaware 
stage,  and  the  Gower,  from  Qower  township  in  Cedar  county, 
where  this  stage  shows  its  typical  development.  The  Hop- 
kinton stage  comprises  a  series  of  dolomites  varying  consid- 
erably  in  composition  and  structure.  In  general,  they  occur 
in  heavy  beds,  with  bedding  planes  obscure  or  wanting.  At 
certain  horizons  and  in  certain  localities,  the  beds  are  evidently 
laminated  and  even  become  flaggy  in  character.  They  range 
from  hard,  slightly  vesicular,  subcrystalline,  massive  dolomites, 
to  soft,  earthy  deposits.  Certain  horizons  carry  large  quan- 
tities of  chert.  The  Hopkinton  attains  its  maximum  develop- 
ment in  Dubuque  and  adjoining  counties.  According  to  Pro- 
fessor Calvin*  the  following  members  of  the  Hopkinton  can  be 
recognized  and  he  assigns  their  thickness  as  follows: 

FEET. 

7.  Upper  quarry  beds  20 

6.    Cerlonites  beds   26 

5.    Pentamems  beds   50 

4.    Syringopora  beds  65 

8.  Chert  beds   26 

2.    Lower  quarry  beds 20 

1.    Basal  beds    16 

Total    220 

Number  5  is  often  subcrystalline  and  essentially  a  pure  dolo- 
mite and  is  of  excellent  quality  for  lime  burning.  It  is  used 
extensively  in  Jackson  county. 

t. ■ 

'Geology  of  Dubuque  county,  Iowa  Qeol.  Surv.,  Vol.  X,  pagre  469. 
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The  Qower  includes  two  fairly  distinct  substages,  the  Le- 
Claire  and  the  Anamosa. 

The  latter  consists  typically  of  soft,  laminated,  light  buff  to 
yellow  dolomite  in  thin  to  medium  heavy  beds  which  are  often 
practically  parallel  and  nearly  horizontal.  Texturally  the  beds 
are  porous,  often  highly  vesicular,  and  usually  present  a  rather 
dull  and  earthy  luster.  The  layers  are  divided  by  occasional 
vertical  joints. 

The  LeClaire  beds  on  the  other  hand  comprise  a  hard,  bluish 
gray  to  a  grayish  yellow,  subcrystalline  dolomite.  The  pre- 
vailing color  above  the  ground  water  level  is  some  shade  of 
yellow  or  buff.  Texturally,  while  the  LeClaire  is  usually  sub- 
crystalline,  it  is  generally  vesicular  and  presents  a  decidedly 
rough  appearance  on  a  freshly  fractured  surface.  It  is  some- 
times brecciated  or  conglomeratic.  Structurally,  the  LeClaire 
occurs  in  mounds  and  presents  a  very  uneven  surface  which 
is  filled  by  the  even  beds  of  the  Anamosa.  It  sometimes  ap- 
pears to  be  massive,  the  bedding  planes  being  scarcely  rec- 
ognized; at  other  times  the  bedding  planes  are  apparent  but 
are  highly  inclined;  in  still  others,  the  beds'  are  evidently 
laminated  and  nearly  horizontal.  The  LeClaire,  when  typically 
developed,  is  an  essentially  pure  dolomite  and  excellently 
adapted  for  the  manufacture  of  a  superior  grade  of  lime  and 
is  so  utilized  at  a  number  of  points  in  Iowa  and  Illinois ;  notably, 
Cedar  Valley,  Sugar  Creek  and  Viola  in  Iowa,  and  Port  Byron 
in  Illinois ;  while  the  Anamosa  beds  are  especially  prized  as  a 
dimension  stone  on  account  of  their  unusual  uniformity  in 
bedding,  composition,  texture  and  state  of  induration.  More 
than  three-fourths  of  the  bridge  and  dimension  stone  of  the 
state  is  derived  from  these  beds.  The  entire  assemblage  of 
beds  comprising  the  Niagaran  is  suitable  for  concrete,  and 
while  rather  soft  is  usable  for  road  work.  The  leading  quar- 
ries are  located  at  Cedar  Valley,  Stone  City,  Farley,  LeClaire 

and  Mount  Vernon. 

The  Devonian. 

The  Devonian  as  developed  in  Iowa  comprises  a  rather  diver- 
sified assemblage  of  limestones  and  shales.  The  latter  are  of 
interest  as  a  quarry  product  only  so  far  as  they  are  suitable 
for  the  manufacture  of  Portland  cement.    The  limestones  vary 
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greatly  in  composition,  texture,  state  of  induration,  thickness 
of  beds  and  weathering  quaUties.    They  range  in  composition 
from  a  pure  calcium  carbonate  as  in  the  white,  compact,  brittle 
limestones,  developed  in  Cerro  Gordo  and  Mitchell  counties, 
to   typical   granular    dolomites    and    argillaceous    limestones. 
They  range  texturally  from  rather  coarse  subcrystalline  lime- 
stones and  dolomites  to  compact  lithographic  stone.    The  range 
in  state  of  induration  is  equally  pronounced,  from  hard  lime- 
stone which  gives  a  metallic  sound  when  struck  with  the  hammer 
to  soft,  earthy  limestone.     In  certain  horizons  the  beds  are 
thin  and  flaggy  while  in  the  "State  Quarry'^  type,  the  beds 
attain  thicknesses  of  five  or  six  feet.    The  beds  in  the  so-called 
Fayette  substage  are  much  broken  or  crushed  and  are  practi- 
cally worthless  for  coursing  stone.     All  of  the  divisions  of 
the  Devonian  furnish  some  quarry  stone,  though  the  most  im- 
portant horizons  are  found  in  the  Wapsipinicon,  Cedar  Valley 
and  State  Quarry  stages.    In  all  three  of  these  stages  deposits 
ranging  from  hard,  brittle  limestones  to  dolomites  prevail  and 
afford  excellent  material  for  crusihed  stone  purposes. 

The  Devonian  beds  occupy  a  belt  varying  from  twenty-five 
to  seventy-five  miles  in  width  and  extending  across  the  state 
iii  a  northwest-southeast  direction.  The  belt  is  included  be- 
tween Worth  to  Howard  counties  on  the  north  and  Muscatine 
and  Scott  on  the  south.  The  most  important  quarries  belong- 
^^  /Jo  the  Wapsipinicon  stage  occur  in  the  southern  portion 
^^JsL^  area;  the  Cedar  Valley  stage  is  quarried  throughout, 
»erhaps  most  extensively  in  the  northern  portion  while 
Quarry  stage  is  limited  to  Johnson  county.  Detailed 
iptions  follow  by  counties. 

The  Oarboniferous. 

MISSISSIPPIAN  SERIES. 
The  Kindebhook. 

^^e  Kinderhook  is  typically  developed  in  the  vicinity  of  Bur- 
™^gton  in  Des  Moines  county  and  comprises  a  series  of  shales 
Vlow  and  limestones  above,  separated  by  finely  arenaceous  de- 
posits.    The  shales  constitute  the  most  extensive  member  at 
.4 
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Burlington,  exceeding  one  hundred  feet  in  thickness  but  thin- 
ning northwestward  along  the  line  of  strike,  while  the  limestone 
member  becomes  relatively  more  important.  The  medial  sand- 
stone is  fairly  persistent  but  becomes  less  important  north- 
ward. The  calcareous  member  shows  a  decided  tendency  to 
become  oolitic  and  ranges  in  texture  from  a  compact,  brittle 
limestone  to  subcrystalline  and  oolitic  in  character.  It  i&  equally 
variable  in  composition,  showing  all  gradations  from  a  pure 
limestone,  as  the  ooUte  in  Marshall  county  and  the  white  lime- 
stones in  Hardin  and  Humboldt  counties,  to  the  sugary  brown 
dolomite  of  Hardin  county.  The  upper  member,  which  has 
been  extensively  exploited  in  Marshall  and  Hardin  counties 
furnishes  an  excellent  grade  of  material  for  road  and  concrete 

■ 

work.  The  shale  and  sandstone  members  of  the  Kinderhook 
are  of  no  importance  in  this  connection. 

The  Obaoe  Limestone. 

The  Osage  limestone  occupies  a  triangular  area  in  the  south- 
eastern portion  of  Iowa,  the  base  'of  the  triangle  resting  on 
the  Mississippi  river  from  Louisa  to  Lee  counties,  and  the 
apex  extending  to  the  northwestward,  reaching  Keokuk  county. 
Beds  referred  to  this  stage  of  the  Lower  Carboniferous  are 
most  extensively  and  typically  developed  in  Des  Moines  county 
and  especially  in  the  vicinity  of  the  town  of  Augusta.  Five 
fairly  well-defined  substages  may  be  recognized  and  as  all  are 
well  represented  in  Des  Moines  county  their  detailed  descrip- 
tions appear  in  the  discussion  for  that  county  and  a  repetition 
is  unnecessary  here.  It  may  be  said,  however,  that  the  in- 
durated beds  are  chiefly  limestones  and  that  these  supply  an 
abundance  of  material  suitable  for  crushed  stone  purposes. 

The  Saint  Louis. 

The  Saint  Louis  stage  of  the  Lower  Carboniferous  has  been 
separated  by  Bain  into  three  substages.  The  lowest  of  these, 
the  Springvale  beds,  comprises  a  limestone  formation  varying 
from  earthy  or  argillaceous  limestones  as  developed  in  Keokuk 
county  at  the  type  locality  to  massive  limestone  beds  in  Henry 
county.    As  a  rule  the  beds  are  not  important  as  a  source  of 
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usuble  stone  for  any  purpose.  The  middle  member,  or  Verdi 
beds,  is  exceedingly  variable  in  composition  and  texture,  rang- 
ing from  sandstones  to  shales  or  limestones.  The  different 
kinds  of  sediments  give  place  horizontally  one  to  anotl^er  so 
that  a  stratum  that  is  shale  in  one  part  of  the  exposure  may 
be  represented  by  sandstone  or  limestone  at  no  great  distance 
to  the  right  or  left.  No  important  quarries  belong  to  this  hori- 
zon. The  uppermost  member,  or  Pella  beds,  is  the  most  uni- 
form in  character  and  is  fairly  persistent  over  considerable 
areas.  The  beds  are  usually  quite  pure  limestones,  are  of  good 
thickness  and  evenly  bedded.  The  Pella  beds  comprise  the 
most  important  member  of  the  Saint  Louis  stage  from  an  eco- 
nomic standpoint. 

PENNSYLVANIAN  SERIES. 
The  De8  Moines. 

The  Lower  Coal  Measures  are  not  important  in  the  produc- 
tion of  quarry  products.  They  consist  essentially  of  shales, 
shaly  sandstones,  sandstones  and  occasional  thin  bands  of 
limestones.  The  sandstones,  as  a  rule,  are  poorly  indurated 
and  not  of  pleasing  color.  Occasionally  they  are  suflSciently 
cemented  to  be  used  for  foundations  of  unimportant  structures 
and  for  other  rough  masonry.  Such  deposits  usually  assume 
a  lenticular  form  and  are  exceedingly  variable  in  texture,  color 
and  state  of  induration  both  horizontally  and  vertically.  The 
most  important  lenses  occur  in  Marion,  Jasper,  Wapello, 
Boone  and  Webster  counties.  The  Eed  Rock  sandstone  repre- 
sents perhaps  one  of  the  best  knowm  examples  and  is  described 
later.  The  best  examples  of  the  possibilities  and  also  of  the 
limitations  of  this  stone  may  be  seen  in  some  of  the  residences 
along  West  Grand  Avenue  in  the  city  of  Des  Moines.  Less 
extensive  deposits  appear  in  the  Coal  Measure  outliers  in 
Johnson  county,  where  the  stone  was  used  in  some  of  the  oldest 
buildings  of  the  district.  The  Coal  Measure  sandstones  are  of 
little  or  no  value  for  road  and  concrete  purposes. 

The  limestones  are  usually  more  or  less  argillaceous  and 
have  not  proven  satisfactory  as  a  quarry  stone.  The  best 
examples  may  be  seen  in  Appanoose  county. 
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The  shale  cannot  be  used  directly  for  road  work,  but  when 
burned  is  of  some  service.  The  waste  dumps  about  Iowa  coal 
mines  usually  contain  enough  low  grade  coal  to  partially  slag  the 
clay  and  shale.  This  material  when  intelligently  used  on  the 
roads  gives  fair  results. 

The  Missouri. 

The  Missouri  stage  of  the  Upper  Carboniferous  is  made  up 
largely  of  off-shore  deposits  in  which  shales  greatly  predom- 
inate. Interbedded  with  the  shales  is  a  series  of  thin  limestone 
beds  varying  from  a  few  inches  to  twenty  or  even  thirty  feet 
in  thickness,  and  persistent  over  considerable  areas  in  the 
southwestern  portion  of  the  state.  These  limestones  are  usually 
quite  free  from  such  impurities  as  magnesia  and  pyrite,  but 
they  often  display  a  decided  tendency  to  become  argillaceous. 
The  ledges  constituting  the  more  important  limestone  zones 
are  usually  separated  by  clay  partings,  varying  from  a  fraction 
of  an  inch  to  a  few  inches  in  thickness.  The  most  important 
horizons  belong  to  the  Bethany  substage  and  are  named  after 
localities  where  they  are  typically  exposed.  From  the  base 
upwards  the  principal  limestone  members  are  as  follows: 
1,  the  Fragmental  limestone,  typically  developed  at  Bethany, 
Missouri;  2,  the  Earlham  limestone;  3,  the  Winterset  lime- 
stone; 4,  the  DeKalb  limestone;  and  5,  the  Westerville  lime- 
stone, from  the  town  of  the  same  name  in  Union  county. 

A  sixth  limestone  horizon  far  above  the  strata  of  the  Bethany 
may  for  the  present  purposes  be  designated  the  Stennett  lime- 
stone. It  is  typically  developed  at  Stennett  in  Montgomery 
county,  and  is  believed  to  be  present  in  the  adjoining  counties. 
The  second  and  third  members  are  by  far  the  most  important 
and  have  been  extensively  developed  at  a  number  of  points, 
notably  at  Earlham,  Winterset  and  Peru  in  Madison  county. 
The  stone  representing  the  different  horizons  varies  consid- 
erably in  weather-resisting  properties  but  when  properly  se- 
lected, excellent  material  can  be  secured  for  all  sorts  of  struc- 
tural and  crushed  stone  purposes. 
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The  Permian. 

In  the  vicinity  of  Fort  Dodge  in  Webster  county  a  series  of 
red  clays  associated  with  gypsum  occur  over  a  small  area  and 
comprise  a  well-marked  formation.  In  the  earUer  volumes  of 
the  present  Survey  these  beds  were  referred  by  Keyes  to  the 
Cretaceous.  The  concensus  of  opinion  at  the  present  time 
favors  Wilder ^s  reference  to  the  Permian  and  the  strata  are 
so  considered  in  this  report. 

None  of  the  beds  are  suflSciently  indurated  to  merit  consider- 
ation in  this  connection. 

The  Oretaceous. 

The  Cretaceous  system  is  represented  in  Iowa  by  rather 
loosely  aggregated  sandstones,  clay  shales  and  marly  lime- 
stones. The  sandstones  are  prevailingly  calcareous.  Occasion- 
ally they  are  sufficiently  indurated  to  merit  consideration  as 
a  source  of  structural  materials.  This  is  notably  true  in  Wood- 
bury county  where  the  stone  was  developed  formerly  and  sold 
as  ''Sioux  City  Granite."  No  commercial  quarrying  is  being 
done  at  the  present  time  on  account  of  the  excessive  overburden. 

The  calcareous  deposits  have  been  explored  to  some  extent 
but  with  slight  promise  of  future  development. 

The  Quaternary. 

PLEISTOCENE   SERIES. 

The  Pleistocene  history  of  Iowa  is  recorded  in  the  several 
drift  sheets,  the  interglacial  sands  and  gravels  and  in  the  post- 
glacial river,  lake  and  wind  deposits.  The  following  sequence 
of  events  can  be  made  out  quite  readily: 

10.    Postglacial,  alluvial  and  aeolian  deposits  predominate. 

9.  Wisconsin,  glacial,  represented  by  a  drift  sheet  coyering  the  north  cen- 
tral part  of  the  state.    Capitol  Hill  in  Des  Moines  is  the  apex  of  the  lobe. 

8.    Peorian,  interglacial,  probably  includes  the  loess. 

7.  lowan,  glacial,  represented  by  a  thin  sheet  of  drift  carrying  large  num- 
bers of  giant  bowlders,  mainly  granites. 

6.    SangflCmon,  interglacial. 

6.  Illinoian,  glacial,  represented  by  a  rather  unimportant  drift  sheet  which 
coyers  portions  of  the  Mississippi  riyer  counties  from  Scott  to  Lee,  in- 
dusiye. 
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4.    Yarmouth  or  Buchanan,  intergladal,  represented  by  Important  grayel 
deposits. 

3.    Kansan,  glacial,  represented  by  a  drift  sheet  which  covers  almost  the 
entire  state. 

2.    Aftonian,  interglacial,  the  leading  gravel  terrane  in  southwestern  Iowa. 

1.    Nebraskan  or  Sub-Aftonian  glacial,  the  oldest  drift  known  in  Iowa 
Rarely  seen  save  in  artificial  excavations. 

The  intergladal  and  postglacial  deposits  are  of  greatest  im- 
portance as  sources  of  road  and  concrete  materials.  With  the 
exception  of  the  Peorian  and  Sangamon,  these  deposits  are 
increasingly  important  from  the  oldest  to  the  youngest,  in  terms 
of  availability. 

The  Aftonian  gravels  are  of  wide  occurrence  but  in  general 
are  too  deeply  buried  by  the  younger  deposits  to  be  commer- 
cially important  as  a  source  of  structural  materials.  They  con- 
stitute an  important  water-bearing  horizon  over  a  large  portion 
of  the  state.  They  have  been  developed  for  road  and  concrete 
work  only  in  the  southw^tem  portion  of  Iowa,  The  type 
section  may  be  viewed  at  Afton  Junction  in  Union  county. 

The  Buchanan  gravels  are  as  a  rule  less  deeply  buried  and 
are  generally  available  over  the  northeastern  third  of  the 
state.  Two  types  are  easily  recognized,  the  valley  and  the  up- 
land. The  Buchanan  terrane  is  second  only  to  the  post-Wis- 
consin gravels  as  a  source  of  road  and  concrete  materials. 
Excellent  examples  of  both  types  may  be  seen  in  Buchanan 
and  adjoining  counties. 

The  Sangamon  and  Peorian  furnish  little  material  of  interest 
in  this  connection,  unless  certain  of  the  gravels  in  northwest- 
em  Iowa  belong  to  one  or  the  other  of  these  stages. 

The  post- Wisconsin  gravels  are  by  far  the  most  important 
of  the  Pleistocene  deposits  for  road  and  concrete  work,  when 
all  factors  are  taken  into  consideration.  The  valley  type  is 
the  most  important  here  as  in  the  Buchanan. 

The  leading  points  of  production  are  listed  in  the  intro- 
duction. 

The  drift  sheets  furnish  large  numbers  of  bowlders,  many 
of  which  are  of  large  size.  This  is  especially  true  of  the  lowan 
and ,  Wisconsin.     The  bowlders  are  usually  more  or  less  con- 
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centrated  along  the  drainage  lines  and  when  cmshed  are 
excellently  adapted  for  road  and  concrete  work. 

In  addition  to  the  bowlders  the  Wisconsin  drift  contains 
many  gravel  hummocks  or  kames,  already  mentioned  in  the 
introduction.  While  these  individually  are  not  of  great  im- 
portance, collectively  they  are  second  in  importance  only  to 
the  valley  gravels  which  commonly  appear  as  terraces.  Kame 
gravels  are  limited  to  the  Wisconsin  drift  area. 

The  present  streams  have  done  and  are  doing  some  work 
in  the  classification  of  material.  The  Des  Moiaes  river  has 
been  the  most  efficient  in  accumulating  materials  suitable  for 
road  and  concrete  work.  In  a  considerable  number  of  counties 
the  streams  are  the  only  sources  of  sand  and  gravel.  This  is 
especially  true  in  the  counties  far  removed  from  the  Wisconsin 
drift. 
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COUNTIES. 


ADAIR  COUNTY. 


Sand  and  Oratel. 

Adair  county  is  not  far  removed  from  the  Wisconsin  drift 
front.  It  so  happens,  however,  that  none  of  its  drainage  lines 
issue  from  the  area  covered  by  the  youngest  drift  sheet  and 
they  are  therefore  not  accompanied  by  the  usual  gravel  train. 

With  the  exception  of  small  amounts  of  gravel  and  sand  in 
Middle  river,  Adair  county  is  practically  devoid  of  these  ma- 
terials. Near  where  this  stream  leaves  the  county  small 
amounts  of  gravel  are  taken  from  its  bed,  and  deposits  of 
sand  continue  intermittently  some  three  or  four  miles  north 
of  this  point  in  Harrison  township.  In  places  this  sand  is 
quite  clean  and  is  used  by  the  farmers  in  cement  work.  The 
interglacial  gravels  are  not  known  to  be  available  in  quantity. 

All  of  the  sand  and  gravel  used  on  work  of  any  importance 
within  the  county  is  shipped  in,  large  amounts  coming  from 
Des  Moines  and  vicinity. 
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Stone. 

Adair  county  is  included  within  the  area  in  which  the  Mis- 
souri strata  are  believed  to  be  the  country  rock.  Cretaceous 
beds  probably  overlie  in  part  the  Carboniferous  rocks  in  the 
western  part  of  the  county  but  the  all  but  universal  conceal- 
ment of  the  indurated  strata  by  the  loess  and  glacial  bowlder 
clays  renders  accurate  data  difficult  to  secure.  The  shales 
and  more  calcareo-argillaceous  beds  of  the  Des  Moines  stage 
of  this  series  are  believed  also  to  appear  beneath  the  fragmental 
beds  of  the  Bethany  at  a  few  points  on  Middle  river,  along 
which  the  only  quarry  operations  known  in  the  county  are 
carried  on. 

A  well  marked  limestone  horizon  with  associated  beds  out- 
crops on  Middle  river  and  its  small  tributaries  where  it  crosses 
the  northeast  corner  of  Brown  township.  Below  Howe,  in 
sections  11  and  12,  on  a  small  branch  from  the  southwest, 
quite  extensive  quarrying  has  been  done.  The  openings  are 
on  the  land  of  Mr.  W.  P.  Perry  and  stone  has  been  taken 
out  for  over  twenty  years.  The  following  section  may  be  ob- 
served in  the  northwest  corner  of  section  12,  close  to  the  con- 
fluence of  the  above  tributary  and  Middle  river : 

FEET. 

10.    Soil,  loess,  and  drift  conglomerate  containing  Cretaceous  material . .     7 

9.  Limestone,  broken  into  blocks  which  are  rounded  by  weathering 
and  solution;  buff  in  color,  fosslllferous,  narrow  band  of  chert  In 
residual  clay,  both  above  and  below 1V« 

8.    Limestone  like  No.  9  with  two  inch  cherty  clay  residue  below. ...       % 

7.    Limestone,  firm  ledge  somewhat  broken  by  weathering;  marked 

tendency  to  separation  into  blocks  by  vertical  Joints % 

6.    Shaly  limestone,  chert  bearing,  by  weathering  forms  a  reentrant 

in  the  quarry  face V/u 

6.    Limestone  ledge,  persistent ^ 

4.    Limestone,  shaly,  blue  to  gray  where  unweathered,  but  iron-stained 

at  crop;  persistent  and  forms  a  conspicuous  reentrant 1% 

3.    Limestone,  light  brown,  compact;  has  tendency  to  dissolve  along 
joints  to  form  caverns.    At  its  base  is  a  heavy  band  of  chert  which 
in  places  is  pulverulent  and  white Vu 

2.  Limestone,  cavernous,  with  tendency  to  Jointing,  separated  as  a 
rule  by  thin  shaly  partings  into  three  distinct  ledges,  5,  10  and  9 
inches  in  thickness  2^/t 

1.  Limestone,  regularly  bedded,  compact,  brown  to  bluish,  in  six  inch 
to  one  foot  ledges,  commonly  separated  by  thin,  brown  clay  part- 
ings, contains  occasional  chert  nodules  near  the  top;  highly  fos- 
siliferouB  throughout  to  base  of  exposure 5 
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Stone  has  been  taken  out  along  a  quarry  face  four  to  five  hun- 
dred feet  in  length,  the  work  being  apparently  limited  by  the 
heavy  stripping.  The  base  of  the  present  exposure  is  about 
fifteen  feet  above  Middle  river.  The  lowest  bed  rests  on  earthy 
and  carbonaceous  shales,  the  contact  being  marked  by  numerous 
springs  and  seeps. 

The  best  stone  comes  from  numbers  8  and  9  near  the  top 
and  from  the  basal  member  of  the  section.  Number  1  especially 
affords  excellent  dimension  material  of  any  desired  thickness. 
The  output  of  this  and  neighboring  quarries  is  used  to  a  large 
extent  locally  for  foimdations,  and  for  this  purpose  it  is  also 
hauled  to  Stuart  and  Greenfield. 

To  the  south  of  the  branch,  and  but  fifteen  to  twenty  rods 
distant  from  the  foregoing,  the  same  layers  are  worked.  The 
beds  outcrop  also  west  of  the  road  in  section  11,  where  some 
quarrying  is  done.  To  the  eastward,  along  the  south  side  of 
Middle  river,  the  limestone  forms  a  terrace  which  is  not  deeply 
covered  and  where  any  quantity  of  stone  is  available. 

Stone  is  also  quarried  in  the  southwest  quarter  of  this  same 
section,  on  the  farm  of  Mr.  Jas.  Chambers.  In  the  main  the  beds 
can  be  correlated  with  those  of  the  Perry  quarry  section  al- 
though the  overburden  is  not  so  great  and  would  prove  less  of 
a  hindrance  to  development. 

The  Missouri  beds  outcrop  at  rare  but  gradually  increasing 
intervals  southeastward  along  Middle  river  to  its  exit  into 
Madison  county.  They  are  quarried  at  a  few  points  in  Harri- 
son township.  At,  and  in  the  vicinity  of  the  mill  dam  at  Port 
Union,  the  following  succession  of  strata  can  be  made  out : 

FEET. 

12.  Shelly,  fossiliferous  limestone  to  be  seen  one-eighth  mile 
above  the  dam  in  the  hillside  where  rock  has  been  quar- 
ried           ? 

11.    Firm  ledges,  good  building  limestone,  to  be  seen  at  same 

place    3-4 

10.  Limestone  breccia,  containing  angular  pieces  of  compact 
limestone  of  a  maximum  size  of  2  to  3  inches;  there  are 
occasional  fragments  of  dark  chert  in  a  soft  limestone 
matrix.    Conspicuous  in  hillside  20  rods  above  site  of  dam      ? 

9.    Ocherous  red  and  purplish  weathered  shale,  in  view 2^ 

8.    Shelly  limestone   ? 

7.  Solid  ledge  compact,  durable  limestone  forming  a  shelf  over 
underlying  shale,  at  south  end  of  dam  at  level  of  water  In 
pond    •/• 
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FEET. 

6.    Gray  shale  with  nodules  and  streaks  of  hard  limestone, 

cylindrical   forms,   apparently   vegetal   remains 1^' 

5.    Bluish  limestone  capped  with  thin  layer  composed  almost 

entirely  of  well  preserved  brachiopod  remains V* 

4.    Dark  blue,  clean  shale  2 

3..   Brownish,  cavernous  limestone,  not  persistent H 

2.    Black,   slaty  shale    1% 

1.  Shelly  limestone,  breaking  into  nodular  flakes  and  lenses  on 
exposure;  in  bed  of  stream  below  dam  where  it  causes  a 
low  falls.  Known  in  excavation  for  mill  wheel  to  consist 
of  two  12   inch   layers 2 

Below  is  a  "gummy"  clay  or  soapstone  which  is  practically  Im- 
penetrable to  the  churn  drill. 

At  all  points  observed,  these  strata  occur  beneath  great  thick- 
nesses of  glacial  deposits.  The  limestone  members  of  the  sec- 
tion have  afforded  building  material  but  their  exploitation  is 
of  necessity  limited.  The  beds  above  the  fragmental  limestone, 
number  10,  are  said  to  be  quarried  for  local  use  on  the  farm  of 
Robert  Murphy  on  Middle  river  near  the  east  county  line,  and 
at  other  points  in  this  vicinity. 

The  two  sections  given  above  appear  to  include  the  basal 
members  of  the  Missouri  and  the  upper  strata  of  the  Des  Moines 
stage,  if  regarded  alone  on  stratigraphic  position  and  lithologic 
similarity.  There  seems  little  question  that  number  10  of  the 
Port  Union  section  represents  the  base  of  the  Bethany  and 
that  the  nonbrecciated  beds  above  are  the  equivalent  of  the 
Earlham  limestone  in  Madison  county.*  The  Fragmental  lime- 
stone does  not  appear  in  the  Perry  section  as  a  distinctly  brec- 
ciated  layer.  In  other  respects,  the  lowest  member  here  visible. 
No.  1,  is  its  equivalent,  and  the  underlying  shales  therefore 
belong  to  the  Des  Moines.  The  limestones  throughout  are  suit- 
able for  crushed  stone  purposes. 

ADAMS  COUNTY. 
Sa^d  and  Gravel. 

Adams  county  has  no  streams  worthy  of  mention,  and  yet 
the  loess-covered  Kansan  drift  surface  is  profoundly  stream 
dissected.  The  numerous  small  creeks  are  without  gravel  ter- 
races and  have  accumulated  but  little  sand  and  gravel  in  their 

•Geology  of  Madison  county,  Iowa  Geologrical  Survey,  Vol.  VII,  page  611. 
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channels.  The  older  interglacial  gravels  are  thoroughly  con- 
cealed and  therefore  are  not  available.  Gravel  and  sand  for 
large  undertakings  are  shipped  in  from  Raccoon  and  Des 
Moines  rivers. 

Stone. 

The  country  rock  in  Adams  county  is  in  general  deeply  con- 
cealed by  the  glacial  deposits  and  outcrops  at  but  a  few  points 
along  Middle  and  East  Nodaway  rivers.  As  in  adjoining 
counties,  the  Missouri  rocks  consist  largely  of  shales,  which 
may  become  highly  calcareous  and  even  marly,  interstratified 
with  usually  thin  beds  of  limestone  which  are  in  some  instances 
of  a  character  and  extent  to  be  of  value.  Similar  also  to  bor- 
dering coimties,  beds  of  otherwise  valuable  stone  are  so  deeply 
buried  that  their  utilization  is  out  of  the  question. 

The  Upper  Coal  Measures  outcrop  at  Carbon  in  Douglas  town- 
ship, where  the  Nodaway  seam  is  mined.  The  * '  cap  rock '  *  is  an 
eighteen  inch  ledge  of  firm  limestone  and  appears  near  water  in 
the  river.  It  is  quarried  for  local  use  here  and  at  intervals  along 
the  stream  to  Mt.  Etna  in  Washington  township,  but  it  is  of 
little  importance  and  is  difficult  to  obtain. 

Stone  was  formerly  quarried  at  Corning  in  the  banks  of  the 
East  Nodaway.  Limestone  appears  at  a  number  of  places  in 
the  bed  of  the  river  for  a  few  miles  southwest  of  the  town.  The 
abandoned  French  quarry  is  located  south  of  the  river  in  sec- 
tion 3,  Jasper  township.  Talus  obscures  the  old  quarry  face, 
but  a  few  hundred  feet  to  the  north  in  the  bottom  and  bank  of 
the  river,  the  following  sequence  may  be  made  out: 


5.    Drift    3 

4.    P^ne  sand,  iron-stained    4 

3.    Shale,  light  blue,  plastic  5+ 

2.  Limestone,  hard,  compact,  gray  in  color,  foesiliferous; 
breaks  easily  at  right  angles  to  bedding  planes  and  appar- 
ently  does   not   weather   easily   on   exposure 2% 

1.    Limestone,  fossiUferous,  yellow,  weathered,  to  water  level        ^ 

There  is  evidence  that  quarrying  has  been  carried  on  here  on 
a  scale  of  some  magnitude,  and  the  Coming  stone  is  known  and 
has  been  distributed  over  not  only  Adams  county,  but  adjacent 
territory  as  well.    The  limestone  is  of  good  quality,  and  while 
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extensive  development  is  of  necessity  restricted  by  the  heavy 
stripping,  it  should  rank  locally  as  a  valuable  resource. 

ALLAMAKEE  COUNTY. 
Sand  and  Gravel. 

Sands  and  gravels  are  very  abundant  in  the  valleys  of  the 
two  main  watercourses  of  Allamakee  county — Mississippi  and 
Oneota  rivers — and  to  some  extent  in  the  smaller  valleys.  At 
numerous  localities  along  the  valley  of  the  Mississippi  or  in  the 
breaks  of  its  wall  where  there  is  opportunity  or  where  pro- 
tection has  been  afforded,  terraces  of  more  or  less  magnitude 
remain  as  remnants  of  the  immense  bodies  of  detrital  material 
which  once  occupied  this  valley.  Probably  the  most  important 
of  these  terraces  is  that  upon  which  Harpers  Ferry  is  built. 
This  extends  along  the  canyon  wall  a  distance  of  two  or  three 
miles  and  reaches  a  height  of  twenty  to  forty  feet  above  the 
river.  Another  deposit  of  considerable  importance  is  located 
at  Lansing.  Here  a  small  stream  enters  from  the  west,  occupy- 
ing a  valley  of  considerable  size,  up  which  terraces  twenty  feet 
or  more  in  thickness  extend  for  a  short  distance.  Just  back 
of  the  box  factory  near  the  Chicago,  Milwaukee  and  Saint  Paul 
depot  the  deposit  has  been  opened  and  a  pit  twenty  feet  deep 
exposes  the  gravels.  Below  eighteen  inches  of  soil  is  a  three 
foot  layer  of  gravel  mixed  with  some  sand  and  clay.  The 
pebbles  of  this  layer  reach  a  diameter  of  one  to  two  inches.  Be- 
neath this  are  fifteen  feet  of  alternatingly  coarser  and  finer 
materials  which  gradually  become  finer  below.  At  the  bottom 
of  the  pit  is  a  fine  clean  sand  which  is  said  to  be  suitable  for 
plastering.  The  gravels  from  this  pit  are  being  extensively 
used  on  the  roads  and  streets  in  Lansing. 

The  materials  composing  the  deposit  in  this  valley  evidently 
become  much  finer  with  increasing  distance  from  the  river. 
At  a  point  on  the  south  wall  of  the  valley  opposite  the  cemetery 
and  probably  a  mile  above  the  river  the  stream  impinges  upon 
the  bank  and  has  exposed  a  section  in  the  terrace  material  which 
here  reaches  a  height  above  the  water  of  forty  feet.  The  lower 
twenty  feet  of  this  deposit  consists  of  very  fine  sands  and  clays 
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interbedded  and  packed  quite  hard  except  near  the  top  of  the 
exposure,  where  they  become  somewhat  friable. 

At  a  few  places  along  the  west  bank  of  the  Mississippi  there 
are,  within  the  county  limits,  small  terraces  in  addition  to  the 
two  described,  but  none  of  these  are  extensive.  The  gorge  of 
Oneota  river,  however,  is  thickly  sprinkled  with  terraces  of 
varying  size.  One  of  these,  near  the  middle  of  the  east  line 
of  section  16,  Iowa  township,  is  fifty-five  feet  high  and  consists, 
so  far  as  observed,  of  loose  fine  sand,  with  some  gravel  and 
chert  fragments.  These  sands  are  evidently  of  comparatively 
recent  age,  probably  Wisconsin,  as  are  those  of  the  numerous 
other  terraces  farther  up  the  valley.  But  some  bear  testimony 
to  their  greater  age  in  their  relations  with  other  deposits.  For 
instance,  in  the  southeast  quarter  of  section  35,  Union  City 
township,  is  a  body  of  sand  clinging  to  the  hillside  to  a  height 
of  nearly  sixty  feet  above  the  flood  plain.  This  sand  is  over- 
lain by  a  layer  of  fine  silt  which  shows  the  gray  color  and  iron 
**pipe  stems"  characteristic  of  the  Kansan  loess.  Near  by, 
the  same  bed  of  sand  is  covered  with  yellow  lowan  loess.  A 
short  distance  up  the  road,  in  the  same  section,  a  gully  exposes 
lowan  loess  to  a  height  of  ten  feet,  with  an  equal  thickness  of 
clean  yellow  sand  overlying  it.  The  sand  in  the  latter  case  is 
probably  related  to  the  Wisconsin  glaciers  while  that  of  the 
other  is  of  Buchanan  age. 

Terrace  deposits  of  more  or  less  magnitude  are  found  bor- 
dering the  Oneota  valley  to  the  county  line  and  indeed  as  far 
west  as  Decorah.  In  some  cases  these  consist  of  fine  sands,  in 
others  considerable  gravel  is  present. 

The  smaller  stream  valleys  of  the  county  do  not  bear  such 
extensive  gravel  deposits  as  does  the  Oneota,  a  difference  no 
doubt  largely  due  to  the  fact  that  the  greater  watercourse  ex- 
tended well  into  the  region  occupied  by  the  glaciers  and  thus 
afforded  an  outlet  for  the  heavily  charged  waters  issuing  there- 
from, while  the  smaller  streams  rise  within  the  driftless  area 
or  at  most  extend  only  a  short  distance  beyond  its  borders  and 
hence  have  never  received  any  large  quantity  of  material  of 
foreign  origin.  Thus  Yellow  river  displays  no  terraces,  not 
even  in  its  lower  reaches,  with  the  possible  exception  of  one  in 
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section  19,  Fairview  township.  This  consists  chiefly  of  lime- 
stone pebbles  with  some  foreign  material  and  a  little  sand, 
and  seems  to  be  banked  against  two  hills  of  circumdenndation 
in  the  valley.  These  latter  also  show  some  banks  of  detrital 
sand  and  chert  overlain  by  loess.  There  is  some  sand  in  the 
river  plain  in  this  vicinity,  but  very  little  gravel.  The  sand 
may  be  of  local  derivation,  as  the  Saint  Peter  sandstone  out^ 
crops  in  the  hills  bordering  the  flood  plain.  Farther  np  the 
river,  in  the  neighborhood  of  Forest  Mills,  are  banks  of  coarse 
material,  chiefly  limestone,  with  some  foreign  pebbles  bnt  very 
little  sand.  These  have  been  used  for  concrete  and  are  reported 
to  give  excellent  satisfaction.  Their  adaptability  for  road  work 
has  not  been  tested. 

Stone. 

The  Ordovician  covers  the  entire  county  with  the  exception 
of  narrow  belts  along  Mississippi  and  Oneota  rivers  and  their 
immediate  tributaries,  where  the  beds  have  been  removed 
through  erosive  agencies  and  the  Saint  Croix  sandstone  ex- 
posed.  Good  quarry  stone  occurs  at  several  levels,  notably 
near  the  base  of  the  Oneota  and  of  the  Platteville  limestone 
formations.  Above  the  ten  or  fifteen  feet  of  arenaceous  lime- 
stone or  calcareous  sandstone  at  the  base  of  the  Oneota  there 
are  thirty  or  forty  feet  of  evenly  bedded,  fine-grained,  buff, 
dolomitic  limestone  in  layers  varying  from  a  few  inches  to 
three  feet  in  thickness  and  in  blocks  oftentimes  many  feet  in 
width  and  length.  In  the  eastern  portions  of  the  county  in  the 
vicinity  of  New  Albin,  Lansing  and  Harpers  Ferry  the  beds 
have  been  worked  to  some  extent  but  are  not  of  especially  good 
quality.  In  the  northwestern  portion  of  the  county,  the  same 
beds  afford  material  of  superior  quality  for  the  various  grades 
of  masonry,  although  on  account  of  the  absence  of  suitable 
facilities  for  transporting  the  product,  they  have  been  but  little 
developed.  Great  blocks  detached  from  the  parent  ledges 
through  the  undermining  of  the  friable  sandstones  below,  retain 
their  angularity  and  otherwise  demonstrate  their  durability 
though  they  have  been  exposed  for  hundreds  of  years.  At  the 
present  time  only  sufficient  quarrying  has  been  done  to  dem- 
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onstrate  the  wonderful  possibilities  of  this  horizon  as  a  source 
of  wealth  which  may  in  time  be  utilized. 

Above  these  beds  in  the  basal  portion  of  the  Oneota  there 
are  occasional  beds  suitable  for  structural  purposes  but  as  a 
rule  the  stone  is  massive,  with  only  occasional  irregular  bed- 
ding planes,  which  renders  quarrying  diflScult.  Besides,  the 
beds  are  rather  coarse  textured,  vesicular,  and  oftentimes 
arenaceous  or  cherty.  The  upper  Prairie  du  Chien  beds  gen- 
erally show  layers  of  sandstone  and  shale  interstratified  with 
the  dolomitic  beds,  and  possess  little  to  commend  them  for 
quarry  purposes. 

As  a  rule  the  Saint  Peter  sandstone  is  not  suflSciently  indu- 
rated to  deserve  notice  as  a  quarry  stone.  There  are  a  few 
small  patches  which  are  exceptions  to  the  general  rule,  the 
stone  being  suflSciently  cemented  to  be  used  for  rough  masonry. 
It  has  been  so  used  to  a  limited  extent.  Such  outcrops  may  be 
viewed  three  miles  east  of  Waukon  in  the  south  half  of  section 
27  in  Makee  township  and  in  the  southwest  quarter  of  section 
14,  Franklin  township,  near  Smithfield.  At  the  latter  place  the 
sandstone  carries  a  siliceous  cement  and  forms  cliffs  thirty  or 
forty  feet  in  height  and  in  some  cases  breaks  into  massive  an- 
gular blocks  showing  marked  ability  to  resist  the  agencies  of 
disintegration. 

The  second  important  quarry  horizon  in  the  Ordovician  in 
the  county  comes  in  the  lower  Platteville  and  is  the  equivalent 
of  the  *' Lower  Buff  Beds"  of  the  Wisconsin  geologists.  These 
beds  are  separated  from  the  Saint  Peter  sandstone  by  five  or 
six  feet  of  greenish  or  bluish  shale  and  comprise  a  heavy  bedded 
dolomitic  limestone  aggregating  twenty  to  twenty-five  feet  in 
thickness  and  composed  of  layers  varying  from  six  inches  to 
three  feet  or  more  in  thickness.  The  stone  is  hard  and  com- 
pact and  yellow  to  buff  in  color  and  is  capable  of  furnishing 
blocks  of  almost  any  desired  dimensions.  These  beds  are  avail- 
able at  numerous  points  in  the  county,  notably  in  the  valley  of 
Paint  creek  in  Paint  Creek  township,  and  in  Franklin  township, 
but  they  have  been  but  little  developed. 

The  Platteville,  above  the  Lower  Buff  Beds,  is  very  variable 
lithologically.    There  is  a  continual  alternation  of  shales  and 
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limestones,  the  limestones  predominating.  The  limestone  in 
general  is  dull  colored,  shades  of  blue  prevailing  and  is  often 
argillaceous.  It  is  generally  fine-grained,  compact,  and  occurs 
in  thin  beds  rarely  exceeding  six  inches  in  thickness.  It  breaks 
with  a  conchoidal  fracture  and  does  not  tool  easily.  Beds 
which  appear  to  be  firm  when  first  quarried,  slake  readily  when 
exposed  to  the  weather.  The  upper  beds  have  been  quarried 
to  a  limited  extent  near  Waukon  along  Village  creek.  The 
stone  is  a  blue  to  slaty  colored  limestone,  but  weathers  to 
various  shades  of  yellow  and  buff;  is  hard  and  fine-grained 
and  occurs  in  layers  from  three  to  six  inches  in  thickness.  The 
layers  are  variable  in  composition  and  state  of  induration  and, 
as  a  consequence,  in  weather  resisting  qualities,  and  they  must 
be  selected  with  considerable  caution  when  used  in  permanent 
structures.  Similar  sections  may  be  viewed  north  of  Postville, 
where  some  quarrying  has  also  been  done. 

The  upper  quarry  beds  north  of  Waukon  are  overlain  by  an 
important  deposit  of  calcareous  shale  aggregating  twenty  to 
thirty  feet. 

The  Galena  as  developed  in  Allamakee  county  affords  noth- 
ing of  importance  in  the  way  of  quarry  products. 

A  few  of  the  quarries  of  the  county  are  described  in  detail 
in  the  following  paragraphs. 

At  the  top  of  the  bluff  overlooking  the  Mississippi  on  the 
south  side  of  Clear  creek  valley,  opposite  Lansing,  and  at 
the  extreme  edge  of  the  precipice,  a  quarry  has  been  opened 
in  the  Oneota  limestone.  From  this  may  be  made  the  following 
section : 


1.  Heavy   blocks   outcropping   In   the   talus   slope   above   the 

quarry    4 

2.  Rock  waste   3 

3.  Heavy   ledge,   rough,  vesicular    3 

4.  Fine-grained,  soft,  gray  stone   . ." 1V« 

5.  Two  nine-inch  layers,  similar  to  that  above 1% 

6.  Heavy  ledge  of  similar  rock.    This,  with  the  layers  above 

it,  is  seen  in  other  parts  of  the  quarry  to  break  into  thin 

layers  suitable  for  range  work    6 

7.  BufT,   sugary,   fine-grained,   dolomitic   rock ly* 

8.  Two  layers  similar  to  above   4 

9.  Heavy  ledge  of  similar  appearance   4 
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This  quarry  represents  a  considerable  amount  of  rock  over- 
lying the  Saint  Croix  over  eastern  Allamakee  county.  Along 
the  bluffs  it  is  difficult  of  access,  as  in  the  present  case,  but 
farther  back  from  the  river  it  becomes  more  easy  to  secure. 
The  quarry  of  John  Ross,  near  New  Albin,  has  been  opened 
^  the  finer  ledges  of  the  Oneota  similar  to  the  upper  quarry 
"^ds  of  the  Lansing  quarry. 

About  a  mile  northeast  of  Dorchester,  in  the  northeast  quar- 

,.^^  of  section  13,  Waterloo  township,  stone  has  been  removed 

l^^^  the  lower  beds  of  the  Oneota,  perhaps  fifty  feet  above 

^     oas^  Qf  tiiig  formation.    Some  of  the  layers  are  rather  fine 

^•^ture,  some  coarser  and  sugary.    While  the  stone  is  too 

Wf  jfoT  macadam  it  might  be  used  .to  advantage  in  concrete, 

^id   f  ^^  similar  purposes.    In  the  village  is  a  quarry  showing 

^'imil^^    stone  but  bearing  some  flint  nodules.     A  mile  and  a 

\v?L\t  xiorthwest  of  town  on  the  Caledonia  road  stone  similar 

\o  ^ie     first  is  quarried.     The  beds  in  this  quarry  are  four  to 

six  fe^t  thick,  split  easily  and  dress  well. 

Ifl    a.rx  old  sink  hole  near  the  road  on  the  uplands  in  the 

northeast  quarter  of  the  northwest  quarter  of  section  34,  Union 

Prairie     township,  limestone  of  the  Platteville  stage  is  exposed 

^ndlia^s  been  quarried  to  a  small  extent.    The  stone  is  rather 

^^^/;  €i  It  lough  some  is  harder,  presents  a  granular,  sugary  ap- 

^^5rarxo^  and  is  buff  in  color,  stained  with  iron  oxide.    Above 

We  stoiae  is  a  dark  red,  jointed  clay,  probably  geest,  also  nu- 

merovis    foreign  pebbles. 

^^    old  quarry  on  the  north  edge  of  Waukon  in  the  north- 

^eSv,    quarter  of  the  northeast  quarter  of  section  30,  Makee 

\,o^sliip,  has  been  recently  reopened  by  Mr.  A.  Simon  and 

considerable  stone  has  been  taken  out  for  building  purposes  as 

^^li  a.a  for  use  on  the  roads.    About  ten  feet  of  fresh  material 

IS  ^^xposed  and  above  this  two  or  three  feet  of  waste  which  is 

taK^n   Iq  tj^g  crusher.    The  stone  is  in  layers  one  to  two  feet 

tniek   although  some  of  the  ledges  show  lamination  on  weath- 

crea  f^QQQ^    The  crushed  stone  together  with  the  residual  mp- 

tenal  has  been  used  by  the  city  for  streets  and  crossings.    The 

qnarry  is  equipped  with  a  Champion  portable  jaw  crusher 

onveii  by  a  gasoline  engine. 
5 
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A  short  distance  north  along  the  road  green  shales  outcrop 
at  a  level  below  that  of  the  quarry.  These  are  the  upper 
layers  of  the  shaly  and  limy  member  of  the  Platteville  as 
described  by  Calvin,*  and  the  quarry  rock  belongs  to  the  hard, 
blue  member  overlying  these  shales. 

A  number  of  openings  have  been  made  in  the  ravines  south 
of  Lycurgus.  One  of  these,  in  the  southeast  quarter  of  the 
northeast  quarter  of  section  2,  Makee  township,  shows  about 
eight  feet  of  heavy  blue  ledges,  six  inches  to  two  feet  in  thick- 
ness. Above  these  lie  one  to  two.  feet  of  soft,  thin,  yellow,  ar- 
gillaceous layers  with  stony  bands  one  inch  thick  intercalated. 
These  layers  grade  upward  into  the  rock  waste.  The  blue 
layers  are  hard,  firm,  fine-grained,  weathering  to  a  buff, 
sugary,  vesicular  material.  They  should  make  serviceable 
stone  for  almost  any  purpose  but  are  rather  inaccessible. 

The  quarry  is  near  the  base  of  the  Platteville  as  is  shown 
by  the  presence  up  a  small  lateral  ravine  of  an  outcrop  of 
Saint  Peter  sandstone  about  eight  feet  high  and  also  of  an 
outcrop  of  green  shales,  doubtless  the  Glenwood  shale,  a  little 
farther  up  the  ravine.  The  base  of  the  quarry  is  at  least  fifteen 
feet  below  the  top  of  the  Saint  Peter  and  there  is  evidently 
an  unconformity  of  somewhat  more  than  this  amount  between 
the  two  formations.  The  limestone  belongs  to  the  *' Lower 
Buff"  beds.  Along  the  road  on  the  ridge  a  mile  or  so  to  the 
northeast  are  green  shales  which  belong  to  the  succeeding 
assemblage  of  mixed  shales  and  limestones. 

The  quarry  of  Peter  Kude,  in  the  center  of  section  17,  Water- 
loo township,  is  opened  in  the  upper  two  or  three  feet  of  the 
blue  beds  at  the  top  of  the  Platteville.  The  layers  are  six 
to  eight  inches  thick  and  are  overlain  by  the  green  shales  of 
the  Decorah  formation.  These  are  the  same  beds  as  those 
shown  in  the  lower  Halloran  quarry  at  Decorah,  200  feet  lower. 

In  the  southwest  quarter  of  section  16,  Post  township,  on 
the  east  side  of  the  road  is  a  cliff  face  200  feet  long  whence 
considerable  quantities  of  stone  have  been  removed.  The 
quarry  is  in  the  upper,  nondolomiticbeds  of  the  Galena.  It. 
shows  ten  to  twelve  feet  of  beds  which  are  in  layers  six  to 
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twelve  inches  thick.  Above  them  are  six  feet  of  broken  stone 
and  waste.  The  material  appears  to  be  quite  hard  and  solid 
and  should  prove  very  serviceable  for  road  work.  It  is  very 
conveniently  situated  for  use  and  could  be  removed  without 
unusual  difficulty. 

The  Gherry  Valley  quarry,  in  the  southwest  quarter  of  the 
northeast  quarter  of  section  19,  Franklin  township,  owned  by 
Wm.  Evans,  shows  ten  feet  of  heavy  bedded  ledges  which  split 
into  layers  three  to  eight  inches  thick.  They  are  light  gray  in 
color,  finely  granular  and  quite  hard.  Above  them  come  four 
feet  of  thin  bedded  gray  rock  and  overlying  these  are  a  few 
feet  of  waste. 

About  one-fourth  mile  to  the  west  is  the  quarry  of  Seward 
Swenson.  It  is  about  fifteen  feet  higher  than  the  Evans  quarry 
and  shows  ten  feet  of  rather  heavy  bedded  blue  ledges,  firm 
and  well  bedded.  The  rock  is  harder  than  that  found  in  the 
Evans  quarry. 

A  little  more  than  two  miles  north  of  Luana,  at  the  turn  of 
the  road  in  the  northeast  quarter  of  section  32,  Franklin,  is 
a  quarry  which  shows  six  feet  of  hard  blue  stone,  fine-grained, 
in  ledges  three  to  nine  inches  thick.  Heavy  gray  layers  six 
feet  thick  overlie  these  beds  and  three  feet  of  waste  form  the 
top  of  the  exposure.  This  quarry,  together  with  some  about 
two  miles  south,  near  Luana,  is  somewhat  similar  to  those  in 
Cherry  Valley.  They  all  present  clean,  solid  rock  faces  and 
are  conveniently  situated  for  installing  crushers  and  remov- 
'Dg  stone.  This  is  especially  true  of  those  near  Luana,  which 
4^  close  by  the  roadside  and  high  enough  to  allow  the  use  of 

CF'v^^r  the  areas  in  this  and  neighboring  counties  where  the 

toTrt     Atkinson,  Galena-Platteville  or  Oneota  are  the  surface 

xodcs  the  geest  is  suitable  for  use  on  the  roads,  especially  where 

\l  "i-S     mingled  with  chert  from  the  limestone.     If  gravel  or 

ctualied  rock  were  mixed  with  the  geest  it  should  make  excellent 

Toad  metal. 
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APPANOOSE  COUNTY. 
Saxd  and  Gravel. 

No  sand  or  gravel  is  found  along  Chariton  river.  A  small 
amount  of  sand  of  rather  poor  quality  is  obtained  from  Cooper 
creek  north  of  Centerville,  but  nearly  all  material  of  this 
kind  is  shipped  in  from  Des  Moines  river.  Udell  and  Union- 
ville  obtain  a  portion  of  their  supplies  from  Soap  creek  north 
and  northwest  of  Unionville  and  from  a  tributary  of  Soap 
creek  which  joins  it  in  the  southeast  quarter  of  section  29, 
Union  township.  The  sand  is  somewhat  dirty  and  carries  a 
high  percentage  of  fine  material. 

Almost  no  gravel  is  available  in  the  county  and  the  very 
limited  supply  of  low  grade  sand  is  confined  to  the  channels 
of  the  present  streams.  The  older  gravels  are  almost  wholly 
concealed  by  the  loess  veneer,  and  no  outcrops  of  commercial 
importance  are  known  in  the  county. 

Stone. 

The  Des  Moines  stage  of  the  Upper  Carboniferous  underlies 
the  whole  of  Appanose  county,  and  consists  of  shales  with  sev- 
eral well  defined  limestone  horizons  of  small  thickness.  The 
principal  limestone  beds  are  known  as  the  ^ Afloat  rock,"  which 
varies  from  two  to  four  feet  in  thickness;  the  * ' fif tv-f oot ' ' 
limestone,  ranging  from  four  to  ten  feet;  the  *' seventeen-foot 
limestone,"  or  *  kittle  rock,"  running  from  one  to  three  feet;  the 
*'cap  rock,"  showing  from  two  to  four  feet;  and  finally  the 
'^bottom  rock,"  which  attains  a  thickness  of  more  than  three 
feet.  One  or  more  of  these  beds  are  exposed  at  numerous 
points  along  the  various  steamways,  and  oftentimes  are  fairly 
accessible.  All  are  essentially  nonmagnesian,  reasonably  pure, 
and  occur  in  moderately  thick  beds.  They  resist  the  weather 
as  well  as  the  average  limestone,  but  on  account  of  their  lim- 
ited occurrences,  will  never  lead  to  the  establishment  of  an 
important  quarry  industry.  Some  quarrying  has  been  done  in 
the  vicinity  of  Centerville,  Milledgeville,  and  Mystic,  mainly 
from  the  ^'fiftv-foot  limestone." 
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The  Chariton  conglomerate  has  been  exploited  in  a  very  small 
way  in  the  vicinity  of  Moravia,  but  the  openings  have  long  since 
been  abandoned,  and  promise  nothing  for  the  future. 

A  quarry  producing  crushed  rock  from  the  Des  Moines  hori- 
zon is  now  being  operated  by  Mr.  W.  B.  Swan  at  Piano. 

AUDUBON  COUNTY. 
Sand  and  Gravel. 

There  is  no  gravel  produv^ed  in  commercial  quantity  in  Audu- 
^^n  county.  The  sand  and  gravel  used  in  the  county  are 
flipped  in  from  Des  Moines  and  vicinity,  or  from  Platte  river 
^  Nebraska.     A  yellow  stained  gravel,  somewhat  clayey,  is 

^  ^^S  shipped  in  at  the  present  time  from  the  Lanesboro  pit 

"^^^/ioast  of  Carroll. 

BENTON  COUNTY. 
Sand  and  Gravel, 

•riio  gravel  and  sand  deposits  of  Benton  county  are  of  two 
classes,  viz.,  Buchanan  gravels  and  sand  bars  in  the  channels 
of  t la  e  streams.  Beneath  the  Kansan  drift  the  Af tonian  gravels 
are  oocasionally  found,  but  these  are  at  too  great  a  depth  to 
be   coxxsidered  as  an  important  source  of  this  material. 

t^ ^Urcy  Jianan  Gravels. — In  connection  with  the  Buchanan  gravels 

in  tlids  county,  Mr.  T.  E.  Savage*  says:    **The  gravels  that  ap- 

pcair  in  all  of  the  known  exposures  of  the  county  belong  to  what 

professor  Calvin  has  designated  as  the  valley  phase  of  this 

forxriation.    (See  Buchanan  county  report  in  this  volume.)  They 

consist  of  coarse  sand  and  small  water-worn  pebbles,  the  latter 

seldom  exceeding  one  and  one-half  inches  in  long  diameter. 

Bo^v^rlclers  do  not  occur  in  these  deposits.  There  is  only  a  small 

affioimt  Qf  iron  present,  and  a  rusty  color  is  not  generally  im- 

pai-ted  to  the  beds.    The  materials  of  these  gravel  trains  were 

a^x^Ved  from  glacier-borne  debris,  and  they  came  to  rest  along 

^^^   oourses  of  swollen  streams  whose  waters  were  liberated  by 

^^^  i*apid  melting  of  the  Kansan  ice. ' ' 

^^ds  of  moderately  fine  gravel  overlying  the  Kansan  drift 
^^^r  at  several  points  in  Benton  county.     This  terrane  is 

*^^M7a  Geological  Survey,  Vol.  XV,  p.  206,  1905. 


70  ROAD  AND  CONCRETE  MATERIALS  IN  IOWA 

usually  concealed  beneath  a  deposit  of  fine-grained  soil.  In  sec- 
tion 14,  Benton  township,  a  gravel  deposit  three  and  one-half 
feet  in  depth  outcrops  in  the  bank  of  a  stream  for  a  distance 
of  several  rods.  Another  bed  of  this  water-laid  material  is 
exposed  near  the  middle  of  section  19,  Canton  township,  in  the 
south  bank  of  Wild  Cat  creek.  At  the  latter  place  the  deposit 
has  a  maximum  thickness  of  twelve  feet  and  can  be  seen  con- 
tinuously for  more  than  a  dozen  rods.  A  few  miles  farther 
east,  on  Bear  creek,  a  bed  of  gravel  appears  a  short  distance 
west  of  Shannon 's  brick  and  tile  plant  at  Shellsburg.  The  latter 
is  probably  the  continuation  of  the  deposit  on  Wild  Cat  creek, 
mentioned  above.  Such  beds  are  also  exposed  in  sections  33, 
Taylor,  and  35,  Eldorado  townships. 

An  area  of  several  square  miles  in  the  south  portion  of  Flor- 
ence township  is  covered  with  this  coarse  material.  Near  the 
southwest  corner  of  section  32  a  pit  three  and  one-half  feet 
in  depth  has  been  opened  on  the  north  side  of  the  wagon  road. 
The  presence  of  a  gravel  train  is  revealed  in  the  banks  of  most 
of  the  streams  in  this  portion  of  the  township.  West  of  the 
station  of  Walford  this  deposit  has  been  utilized  in  the  im- 
provement of  public  roads.  A  bed  of  gravel  four  feet  in  depth 
has  been  worked  near  the  southwest  corner  of  section  10,  St. 
Clair  township. 

Besides  the  terrace  in  Florence  township  mentioned  above, 
these  gravels  appear  beside  the  west  river  road  one  and  one- 
half  miles  north  of  Vinton.  The  area  of  the  terrace  is  a  square 
mile  or  more,  but  the  area  of  the  gravel  cannot  be  known  with- 
out careful  testing.  The  depth  of  the  gravel  and  sand  is  four 
feet  or  more. 

Stream  Deposits. — Just  below  the  bridge  at  Vinton,  on  pub- 
lic property,  is  a  sand  bar  up  to  three  feet  deep  and  four  or 
five  acres  in  extent.  Along  the  river  here  these  bars  will  ag- 
gregate five  to  ten  acres  per  mile.  Another  bar  covering  about 
one  acre  is  located  one-half  mile  east  of  the  Ballenbaugh  quarry 
in  northeast  Vinton.  This  bar  varies  in  depth  from  four  inches 
to  a  foot.  The  sand  contains  small  quantities  of  fine  gravel 
and  is  used  locally  for  concrete  and  cement.  Material  for  use 
in  concrete  bridges  and  culverts  in  the  vicinity  of  Mount  Au- 
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bum  has  been  hauled  from  a  bar  on  the  farm  of  Frank  Aungst, 
three  and  one-half  miles  north  of  Vinton. 

Miscellaneous. — ^A  short  distance  northwest  of  the  town  of 
Norway  is  an  elongated  paha  ridge  which  rises  to  an  elevation 
of  about  eighty  feet  above  the  surrounding  plain.  At  the  north- 
west end  of  this  hill  the  drift  is  overlain  by  a  bed  of  loose  sand 
sixt  to  ten  feet  in  depth.  Passing  toward  the  southeast  the 
material  becomes  finer,  so  that  the  covering  of  all  but  the  upper 
end  of  the  paha  is  typical  loess. 

About  a  mile  northeast  of  the  town  of  Watkins  there  is  a 
similar  ridge  having  a  trend  in  the  same  direction.  Near  its 
summit  strongly  oxidized  bowlder  clay  with  abundant  gravel 
appears  within  two  feet  of  the  surface,  while  a  mantle  of  loess, 
m  places  seven  feet  in  depth,  covers  the  lower  portion  of  the 
slopes. 

There  is  an  abandoned  river  channel  one-half  to  one  mile 
in  width  extending  in  a  southeasterly  direction  from  the  site 
of  the  old  town  of  Benton  City,  on  Cedar  river  below  Vinton, 
to  the  southeast  corner  of  Benton  township.  It  meets  the  pres- 
ent channel  of  the  river  about  one-half  mile  east  of  the  Benton- 
Ldnn  county  border.  This  old  valley  is  known  locally  as  *  *  Sand- 
Prairie.  ' '  Beds  of  sand  resembling  river  bars  abound  over  the 
lowlands,  and  deposits  of  similar  materials  crown  the  summits 
of  the  bordering  bluffs.  Cedar  river  doubtless  occupied  this 
valley  at  one  time. 

Stone. 

• 

All  of  the  outcrops  of  indurated  rocks  in  the  county  belong 
to  the  Devonian.  All  of  the  important  sections  are  found  in  the 
northeast  third  of  the  county,  along  Cedar  river  and  its  imme- 
diate tributaries.  The  best  quarry  rock  belongs  to  the  Coggan 
beds  which  are  at  the  base  of  the  Devonian  series  as  exposed 
in  Benton  county.  Gtood  exposures  of  these  beds  are  practi- 
cally limited  to  Cedar,  Harrison  and  Taylor  townships  where 
they  have  been  exploited  at  a  number  of  points.  The  rock  is 
essentially  a  highly  magnesian  limestone,  very  hard  and  fine- 
grained and  yellowish  in  color,  imperfectly  bedded  and  non- 
fossiliferous.  These  dolomitic  beds  outcrop  low  in  the  bluflfs 
and  are  overlain  by  brecciated  limestone  belonging  to  the  Fay- 
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ette  substage.  Near  the  southwest  comer  of  section  31,  Harri- 
son township,  a  representative  exposure  may  be  seen.  The 
quarry  operated  by  Aungst  Brothers  is  in  the  west  bluff  of 
Cedar  river  and  shows  the  following  beds  below  the  drift : 

'  FEET. 

2.    Limestone,  breeciated,  gray;  the  angular  fragments  usually 

small  and  very  fine-grained  in  texture,  nonfossiliferous 20 

1.  Limestone,  buff,  magnesian,   massive  ledge  which   is  fine- 

grained, imperfectly  separated  into  layers  one  to  two  feet  in 
thickness,    nonfossiliferous    12 

Similar  exposures  are  to  be  found  in  section  36,  Cedar  town- 
ship, and  section  6,  Taylor  township.  The  beds  have  been  quar- 
ried at  both  places.  The  breeciated  beds  have  been  developed  at 
several  points  in  addition  to  those  just  mentioned,  notably  on  the 
south  bank  of  Prairie  creek,  near  the  northeast  comer  of  section 
10,  Taylor  township,  where  the  following  succession  of  beds  may 
be  studied: 

FEET. 

6.    Soil  and  drift  of  variable  thickness ' 

5.    Limestone,  shattered,  light  gray,  fragments  irregular  in  size 

and    shape    8 

4.     Talus    slope    12 

3^.    Limestone,  light  gray,  in  broken  layers  from  three  to  six  or 

seven   inches   in   thickness    IVs 

2.  Limestone,  gray,  made  up  of  imperfect  layers  two  to  eight 

inches  in  thickness 4 

1.  Limestone,  light  gray,  a  rather  massive  bed  which  is  cut  by 
numerous  oblique  joints  into  rhomboidal  blocks,  some  of 
which  are  slickensided;  material  weathers  readily  into 
small,  irregular  fragments 8 

Some  years  ago  the  above  quarrj^  was  operated  by  the  Iowa 
Paint  Company  of  Vinton.  Number  1  was  pulverized  and  used 
as  a  basis  in  the  manufacture  of  paint.  The  company  has  since 
moved  its  plant  to  Fort  Dodge,  Iowa.  In  Benton  county,  as 
elsewhere,  the  breeciated  stone  is  imperfectly  bedded  and  only 
rough,  irregular  blocks  can  be  obtained.  It  is  suitable  only  for 
rough  masonry  and  crushed  stone  purposes. 

A  large  percentage  of  the  stone  produced  in  the  county  comes 
from  the  beds  of  the  Cedar  Valley  stage.  While  the  grade  of 
stone  furnished  by  these  beds  is  not  equal  to  the  stone  lower  in 
the  series  it  is  suitable  for  foundations  for  ordinary  buildings. 
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Fro.  1 — Long's  quarry  In  the 


I.  HarrlBon  town- 


for  walling  up  dug  wella  and  for  retaining  wallB.  Tlie  stone 
has  been  used  to  some  estent  for  bridge  work  with  fair  results. 
Near  the  county  line  a  quarry  has  been  opened  a  short  distance 
below  the  bridge  and  near  the  northwest  comer  of  section  6, 
Harrison  township.    The  layers  exposed  are  as  follows: 


11. 


10. 


12.     Dark  colored,  Sne-gralned,  pebbleleas  Boll I 

Bed  ot  reddlBh  brown  clay,  contalnlnE  numerous  pebbles  of 
quarU  and  greenBtone  with  occaalonal  granite  bowlders  ot 

larger  size   2 

Layer  of   much    decayed    fragmenU   of  brown    limestone; 

without  fOBSllB    3 

9.    Bed  composed  of  two  layers  ot  yellow,  earthy  limestone, 
each    about    eight   Inches    in    thlckneBS,   fine-grained    and 

without  tOBBilB    I'/l 

3.     Bed  of  gray  limestone  which  weatberg  into  thin  layers  about 

one  inch  In  thickness;  without  foBslls 3 

7.     Layer  of  very  hard,  earthy  limestone,  yellow  In  color  and 

fine-srained  In  texture;  fossils  wanting ■/• 
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FEET. 

6.  Bed  made  up  of  layers  of  buff,  earthy  limestone  two  to  six 

inches  in  thickness,  which  are  fine-grained  in  texture  and 
*    nonfosslliferous 3^ 

5.  Layer  of  yellow,  impure  limestone   which  weathers  into 

indistinct  layers  three  to  six  Inches  in  thickness;  with- 
out fossils   IVi 

4.  Layer  similar  to  number  5  above 2 

3.  Yellowish  brown  layer  of  fine-grained,  impure  limestone; 

carrying  occasional  concretions  of  chert  which  are  most 
numerous  adjacent  to  the  division  planes ' 2% 

2.  Layer  of  variable,  impure  limestone,  fine-grained  and  very 

hard.  Near  the  base  of  this  layer  chert  nodules  are  abun- 
dant        2 

1.  Bed  made  up  of  two  layers  of  buff,  earthy  limestone  in 

which,  at  irregular  intervals,  occur  bands  and  numerous 
masses  of  chert;  without  fossils;  to  base  of  the  exposure 
i^hich  Is  about  four  feet  above  the  level  of  the  water 4 

The  layers  in  this  quarry  are  cut  by  numerous,  oblique  joints 
which  divide  the  ledge  into  large  rhombic  masses.  The  material 
of  which  the  beds  are  composed  is  mostly  a  fine-grained,  earthy 
limestone.  Many  of  the  layers  are  strongly  magnesian,  and 
some  ^  of  them  are  so  thoroughly  dolomitic  that  they  respond  but 
slightly  to  the  application  of  cold  hydrochloric  acid.  The  en- 
tire ledge  is  regularly  bedded,  and  furnishes  quarry  stone  of 
convenient  dimensions  and  durable  quality. 

Similar  sections  may  be  seen  down  the  river,  and  quarries 
have  been  opened  at  several  points  on  both  sid.es  of  the  stream. 
Near  the  northwest  corner  of  section  27,  Taylor  township,  a 
quarry  has  been  opened  in  the  east  bank  of  Mud  creek.  The 
beds  exposed  are  as  follows: 

VINTON   SEC?TION. 

FEET. 

10.  Soil,  dark  colored,  fine-grained  and  without  pebbles % 

9.  Gravel  and  sand  stained  a  reddish  brown  color 2 

8.  Limestone,  composed  almost  wholly  of  coral  fragments 5 

7.  Limestone,  hard,  gray,  weathers  into  thin  pieces,  crinoidal.  ? 

6.  Limestone,    light   gray,    very   hard,   weathers   into   layers 

ranging  from  four  inches  to  a  foot  in  thickness 6 

5.  Limestone,  gray,  very  hard,  composed  largely  of  brachiopod 

f ragmen>ts 1V» 

4.  Limestone,  similar  to  5,  but  finer  textured 1% 

3.  Limestone,  drab,  similar  to  number  8,  but  less  compact. ...       1 

2.  Limestone,  white,  fine-grained;   shows  a  bluish  tinge  in  a 

fresh  ledge,  cherty,  much  shattered  and  weathering  into 
thin  layers 2 

1.    Limestone,  very  hard,  cherty  and  crinoidal 1% 
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The  lower  two  numbers  are  supposed  to  belong  to  the  brec- 
dated  stage  and  are  equivalent  to  number  1  in  the  old  quarry 
of  the  Iowa  Paint  Company.  In  the  above  section  they  are  hard 
and  the  most  durable  stone  that  the  quarry  produces.  It  is 
used  extensively  in  Vinton.  In  addition  to  the  lower  beds,  num- 
bers 4  to  7  furnish  an  acceptable  material  for  foundations  and 
the  rougher  grades  of  masonry. 

Numerous  small  quarries  have  been  opened  from  time  to  time 
in  the  vicinity  of  Vinton.  Over  considerable  areas  the  stripping 
is  not  great  and  almost  the  entire  section  could  be  used  for  road 
and  concrete  work. 

On  the  south  bank  of  Bear  creek  near  the  middle  line  of 
section  14,  Canton  township,  a  quarry  shows  the  following  beds 
which  may  be  considered  representative  for  this  part  of  the 
county. 

SHELLSBURG    SECTION. 

FEET. 

9.    Soil,  dark  gray,  without  pebbles  or  bowlders 1% 

8.  Drift 2 

7.  Limestone,  much   decayed 3 

6.  Limestone,  coralline 2% 

5.    Limestone,  light  gray,  weathers  into  chipetone* 1% 

4.    Limestone,  gray,  hard,  in  places  forms  a  single  ledge,  fossil- 

if  erous 4 

3.    Limestone,  dark  gray,  two  ledges  of  about  equal  thickness. .       ^Vj 

2.    Limestone,  similar  to  3,  but  shelly 1 

1.    Limestone,    in    three   layers V/» 

East  of  north  of  the  Shellsburg  quarry  on  Cedar  river,  Wild 
Cat  bluff  presents  an  escarpment  of  more  than  forty  feet  of 
limestone.    Nothing  especially  new  is  developed  however. 

Away  from  the  river,  westward,  quarries  have  been  opened 
on  section  8  in  Cedar  township,  and  section  28  in  Jackson  town- 
ship, near  Garrison.  The  latter  is  the  more  representative  and 
is  given  below. 

GARRISON  SECTION. 

FEET. 

9.  Soil  and  drift , . , .      5 

8.  Limestone,  light  gray,  subcrystalline,  very  hard,  and  some- 

what brecciated,  containing  numerous  spherical  stromato- 
poroids    3 

7.  Limestone,  gray,  massive,  dense,  composed  largely  of  various 

species  of  stromatoporoids  and  masses  of  Idiostroma-like 
stems,  few  of  which  can  be  recognized.  This  bed  is  also 
somewhat  brecciated  in  places 6 
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Limestone,  hard,  gray,  weathers  Into  two  indletlnct  layerE, 
and  contains  masses  of  spherical  stromatoporolds 3^ 

Limestone,  very  hard,  white,  subcrystalltne:  without  fossils      1^ 

Limestone,  yellowish  gray,  nonfosallirerous,  fine-grained  and 
very  hard.  The  upper  portion  bears  numerous  small  cav- 
ities, the  largest  of  which  are  nearly  one  Inch  In  diameter      4 

Limestone,  dense,  gray,  flne-gralned  and  very  nsistant  to 
weathering;    without  fossils 3U 

Limestone,  composed  of  several  layers,  very  hard,  fine- 
grained, white  In  color  and  without  foaHlle.  The  layers  are 
six   to  fifteen    Inches   In   thickness 3>^ 

Limestone,  bed  made  up  of  two  layers,  yellowish  brown.  Tbe 
material  is  flne-grained,  and  contains  no  fossils 31^ 


The  upper  and  middle  beds  in  the  above  section  more  closely 
resemble  the  beds  of  tbe  Cedar  Valley  stage  as  developed  in 
other  counties,  notably,  Johnson  county  to  tbe  south,  and 
Mitchell,  Floyd  and  Cerro  Gordo,  to  the  north.  While  an  abun- 
dance of  stone  crops  are  available,  and  numerous  quarries  have 
been  opened  in  times  gone  by,  none  of  the  quarries  now  in  op- 
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eration  are  of  more  than  local  importance  as  no  stone  is  ex- 
ported. 

BLACK  HAWK  COUNTY. 
Sard  and  Gkavel. 

Black  Hawk  county  is  plentifully  supplied  with  sand  and 
gravel.  The  Buchanan  gravels  are  to  be  found  over  practically 
the  whole  county,  and  are  abundant  in  the  vicinity  of  Cedar 
Falls. ' 

Large  quantities  of  sand  suitable  for  mortar  are  found  in 
the  various  streams. 

Buchanan  Gravels. — In  every  township  in  the  county  one  or 
both  phases  of  the  Buchanan  gravels  may  be' found.  (See  Bu- 
chanan county  report.)  Some  of  these  are  verj-  thin  and  show 
little  stain  or  other  evidence  of  weathering,  but  their  position 
makes  their  relationship  quite  certain. 

Along  the  banks  of  Dry  run  and  its  branches  are  numerous 
extensive  deposits  of  these  gravels.  At  Olsen's  quarry  the  up- 
land phase  has  a  thickness  of  ten  feet.  The  lower  part  is  less 
ferruginous  and  is  interstratified  with  layers  of  fine  sand.    The 


Fia,   3 — Buchanan   gravel   east    of   Teachers   College,   Cedar   Falls,   Blach   Hawk 
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upper  layers  are  highly  ferruginous.  At  Carpenter ^s  quarry 
the  gravel  is  much  thinner  and  lighter  in  color,  but  is  more 
uniformly  coarse. 

On  the  east  side  of  the  creek  one-half  mile  east  of  the  Teach- 
ers '  College  is  the  most  extensive  deposit  observed  in  the  county. 
It  is  of  the  valley  phase,  and  is  very  uniform  in  size  of  particles. 
The  material  is  a  fine  gravel  or  coarse  sand  of  a  yellowish  color 
and  very  distinctly  stratified  except  in  the  upper  part.  It  is 
twenty  feet  or  more  in  thickness  and  many  acres  in  extent.  In 
fact,  in  this  neighborhood  the  whole  valley  of  the  main  stream 
is  more  or  less  filled  with  this  material.  In  one  place  the  gravel 
is  a  very  dark  red-brown  and  cemented  into  ledgelike  sheets; 
in  another  it  consists  of  pebbles  and  cobblestones  of  chert, 
jasper  and  other  forms  of  quartz,  greenstone,  etc.,  all  deeply 
stained  with  iron.  For  the  most  part  the  gravels  are  of  a  rather 
sandy  nature. 

On  the  interurban  line  of  the  Waterloo  and  Cedar  Falls  Rapid 
Transit  Company,  where  it  cuts  into  the  bluff,  is  a  deposit 
ten  feet  thick  containing  pebbles  and  cobblestones,  rotten  gran- 
ite, iron  concretions  and  cemented  gravel,  all  deeply  iron-stained. 
Spheroidal,  lenticular  and  tabular  bodies  of  sand  are  not  unusual 
in  this  section.  This  deposit  is  interesting  for  the  variations 
occurring  within  short  distances,  both  in  vertical  and  lateral  ' 
extension. 

The  Cedar  Falls  Sand  and  Materials  Company  has  a  pit  on 
the  east  side  of  the  river.  At  this  place  about  a  square  mile 
is  practically  all  Buchanan  gravel  under  a  cover  of  soil  varying 
in  depth  up  to  two  feet.  It  has  been  worked  to  a  depth  of 
twenty  feet  and  still  shows  good  material  below.  Of  this,  about 
twelve  feet  are  below  the  level  of  ground  water.  The  sand 
and  gravel  are  decidedly  stratified  and  variable,  and  in  most 
places  observed  the  former  is  predominant.  A  steam  dredge 
operated  by  Mr.  P.  M.  Smith,  a  short  distance  east  of  this  pit, 
has  opened  the  gravel  to  a  depth  of  twenty-five  feet,  the  lower 
fifteen  feet  of  which  are  below  water. 

One-half  mile  northeast  of  Voorhies,  in  Lincoln  township, 
where  the  road  crosses  a  small  creek,  Buchanan  gravel  appears 
imder  two  and  one-half  feet  of  lowan  drift.    Similar  conditions 
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exist  over  the  great  lowan  plain  between  Cedar  and  Wapsipini- 
con  rivers.  The  most  characteristic  occurrences  are  perhaps 
in  Barclay  and  Bennington  townships,  and  in  the  west  half 
of  Fox. 

Stream  Deposits. — The  city  of  Cedar  Falls  obtains  its  supply 
of  gravel  from  the  bed  of  Dry  run  a  few  rods  south  of  the 
wagon  bridge  near  Fourteenth  street.  Here  the  gravel  is  coarse, 
ranging  in  diameter  from  three-fourths  to  one  inch,  and  is  sev- 
eral acres  in  extent.  The  depth  of  the  pit  is  about  six  feet, 
which  is  probably  greater  than  the  average  depth  of  gravel 
over  the  entire  area. 

After  a  freshet,  sand  may  be  found  along  the  bed  of  Crane 
creek  from  Dunkerton  eastward.  These  temporary  bars  will 
average  one  to  two  acres  per  mile.  On  the  Wapsipinicon  east 
of  Dunkerton  bars  of  sand  and  occasional  bars  of  fine  gravel 
aggregate  two  to  five  acres  per  mile.  Much  of  this  contains 
silt  and  produces  weeds  unless  removed  soon  after  deposition. 

The  larger  valleys  have  been  flooded  at  seasons  of  high  water 
ever  since  they  assumed  their  present  character.  Each  over- 
flow leaves  its  increment  of  sediment  usually  a  fine  silt.  Sand 
is  the  most  abundant  material  of  these  valleys,  but  coarser 
sands  and  gravels  are  variously  mingled  in  places  where 
stronger  currents  hav«  run  over  the  plains.  Also  shifting  stream 
beds  have  left  coarse  materials  in  considerable  quantities  hero 
and  there. 

Low  terraces  occasionally  appear  along  the  margins  of  the 
valley,  but  nowhere  are  they  a  noticeable  feature  of  the  topog- 
raphy. 

Knoll  Gravel. — In  section  31,  Bennington  township,  is  a  small 
pit  in  a  knoll  about  one-half  acre  in  extent.  Similar  deposits 
occur  sparingly  in  other  parts  of  the  lowan  ar^a. 

Stone. 

With  a  single  exception  all  of  the  indurated  rocks  which  ap- 
pear at  the  surface  in  the  county  may  be  referred  to  the  Cedar 
Valley  stage  of  the  Devonian.  A  very  insignificant  natural  ex- 
posure of  Wapsipinicon  beds,  according  to  Arey,  appears  along 
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Spring  creek,  on  the  northwest  quarter  of  section  13  in  Fox 
township.  It  is  of  no  importance  from  an  economic  view  point. 
The  Cedar  Valley  limestone  presents  numerous  outcrops  along 
the  principal  drainage  lines,  and  quarries  have  been  opened  at 
many  points.  None  are  of  large  capacity  and  but  few  are  am- 
bitious to  supply  more  than  their  own  immediate  localities. 
The  principal  quarry  districts  are  in  the  vicinity  of  Cedar 
Falls,  Waterloo  and  Laporte,  while  some  quarries  of  secondary 
importance  near  Raymond,  and  two  quarries  about  three  miles 
east  of  Eagle  post  office  supply  the  country  trade. 

For  the  Cedar  Falls  district  the  Nielson  quarry  may  be  taken 
as  a  type.  It  is  located  west  of  Main  street  about  one-eighth 
mile  west  of  the  old  Carpenter  quarry.  The  principal  beds  ex- 
posed are  as  follows: 

FEET. 

15.    Limestone,  firm,  yellowish,  with  intermingled  "geest" 3 

14.    Limestone,  lithographic,  somewhat  nodular,  more  or  less 

weathered  and  inconstant 2 

13.     Shale,    yellowish    clay,   with    interbedded    hard    ledger   in. 

places,   very   variable   in   thickness,    averaging 1V» 

12.  Limestone  in  three  layers,  finely  laminated,  fine-grained  and 
smooth,  slightly  iron-stained,  6,  2  and  10  inches  respectively 
from  top  down 1% 

11.  Limestone,  variable,  sometimes  splitting  easily  into  layers, 
sometimes  firm  and  even  textured,  finely  subcrystalline, 
with  earthy  streaks,  rusty  in  patches,  crystals  in  pockets 
and  calcitic  sheets  intersecting  one  another,  making  pitlike 
areas  along  the  joint  planes,  averaging 1 

10.  Limestone,  fine-grained,  bluish  gray,  with  occasional  patches 
of  crystals,  quarried  in  sheets,  and  used  for  window  and 
door  sills  and  caps,  and  ashlar V« 

9.    Bluish  gray  stone  of  good  quality,  grading  into  a  shaly 

parting  below % 

8.    Limestone,  gray,  finely  brecclated,  with  seams  of  crystals 
below,  upper  part  yellowish,  earthy.     If  quarried  in  cold 
weather,  it  is  reduced  to  fragments  readily^  but,  if  dried 
out  before  freezing,  it  makes  a  durable  stone % 

7.  Limestone,  firm,  fine-grained,  bluish  gray,  with  occasional 
pockets  of  crystals,  in  two  layers.  Makes  an  excellent 
range  stone.    The  lower  layers  yield  fine  large  flags 1 

6.    Limestone,   uniformly  fine-grained,  yielding  fiags Vu 

5.  Limestone,  heavy  bedded,  shelly  on  the  under  side,  abound- 
ing in  crystals,  bluish  gray 1V« 

4.    Limestone,  fine-grained,  more  or  less  streaked  or  banded..      V/» 

3.  Limestone,  light  colored,  becoming  still  lighter  in  color 
below,  often  weathers  in  a  remarkable  way,  yet  makes  a 
durable  stone,  when  it  has  been  dried  out 1% 

2.    Limestone,  yellowish,  full  of  pockets 1 

1.    Soft,  chalky  stone,  exposed. 

Numbers  1  and  2  are  no  longer  worked. 
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i^orth  and  northwest  of  Cedar  Falls,  there  are  no  important 
rock  exposures.  Limestone  outcrops  at  numerous  points  on  bolih 
sides  of  the  Cedar  river  and  doubtless  good  material  for 
crushed  stone  purposes  might  be  developed  at  small  expense. 

North  and  northwest  of  Waterloo,  quarries  have  been  opened 
in  the  well  marked  stone-supported  terrace  which  faces  the 
Cedar  river.  The  most  important  section  may  be  seen  in  the 
quarry  of  the  Waterloo  Stone  Company,  which  is  located  on 
the  northwest  quarter  of  section  14,  township  89  north,  range 
XIII  west.    The  beds  worked  at  this  point  are  as  follows: 

WATERLOO     STONE     COMPANY'S    QUARRY. 

FSBT. 

8.    Detritus  and  wash 6 

7.    Limestone,  haxd,  dolomitic,  subcrystalline 1 

6.    Limestone,  weathered,  yellow 1 

5.  Limestone,  heavy  bedded,  gray-blue,  cherty  toward  the  top.  12 

4.    Limestone,  blue,  thinly  bedded,  slightly  argillaceous 3 

3.    Limestone,  buff,  concretionary,  with  numerous  cherts 3 

2.    Limestone,  gray-blue,  subcrystalline,  cherty,  weathers  buff.       3 
Shale  parting V« 

1.    Limestone,  buff  to  yellow,  exposed 2 

All  of  the  beds  tend  to  weather  into  thin  layers  and  weathered 
surfaces  present  a  decidedly  shattered  appearance.  Number  3 
appears  to  break  down  especially  easily  when  subjected  to  re- 
peated freezings  and  thawings.  The  cherts  ^re  small  and  more 
or  less  irregularly  distributed  throughout  the  entire  mass.  The 
joints  are  stained  a  brownish  yellow  and  all  of  the  quarry  rock 
tends  to  weather  the  same  color  on  long  exposure. 

Two  samples  of  the  rock  from  the  McWilliams-Mowry  quarry 
were  analyzed  and  found  to  be  strongly  magnesian.  The  anal- 
yses were  as  follows : 

1  2 

Insoluble    1.92  

Iron  and  alumina 4 .20  

Calcium  carbonate  63 .  59  ...... 

Magnesium  carbonate  30.92  12.18 

Sulphur    Trace  

Number  1.    Blue  unweathered  limestone. 
Number  2.    Yellow  limestone. 


6 


82  ROAD  AND  CONCRETE  MATERIALS  IN  IOWA 

In  Laporte  and  vicinity  a  large  number  of  quarries  have  been 
opened  and  operated  intermittently  for  many  years.  The  prod- 
uct is  sold  and  was  formerly  reported  in  the  mineral  statistics 
as  ** Laporte  Sandstone'*  on  account  of  its  sugary  or  sub- 
crystalline  character. 

A  quarry  located  along  the  wagon  road  about  one-half  mile 
northwest  of  town  will  serve  as  a  type  for  the  district.  The  beds 
exposed  are  given  herewith : 

FEET. 

4.  Drift  and  soil;   some  gf  the  quarries  in  the  near  vicinity 

show   a   much   thicker   overburden 2+ 

3.  Limestone,  considerably  shattered ;  stained  yejlow  to  brown- 
ish yellow ;  bedding  planes  disappear  upward 10 

2.    Limestone,    brownish    yellow    to   buff,    irregularly    bedded, 

quartz  geodes  and  chert  nodules  present 2 

1.  Limestone,  gray-blue,  presents  a  granular  appearance;  in 
medium  heavy  beds  ranging  from  15  to  24  inches;  joints 
weathered  a  yellowish  brown,  fossiliferous;  calcite  balls 
and    geodes   common 10 

The  beds  dip  to  the  southwest  at  an  angle  of  about  five  de- 
grees and  appear  to  thicken  down  the  dip.  They  appear  to  be 
strongly  magnesian,  especially  the  lower  beds,  which  are  sub- 
crystalline. 

Quarries  have  been  opened  on  either  side  of  the  Eagle-Big 
Creek  township  line  near  the  middle.  The  quarry  west  of  the 
hue  is  the  more  extensive  and  is  as  follows  according  to  Arey: 

EAGLE  TOWNSHIP  QUARRY. 

FEET. 

13.    Limestone,  thin-bedded,  broken  stone 7 

12.    Limestone,  in  two   layers,   blue  where  unweathered 4% 

11.  Limestone,  in  three  layers,  hard,  compact,  good  quality,  dur- 
able, brittle,  having  conchoidal  fracture,  with  drab  nodules 
oi  varying  sizes,  and  in  the  upper  part  with  stromatoporoid 
masses  thoroughly  coalescent  with  the  rest  of  the  rock. ...       5 

10.    Limestone,  bluish,    earthy,    much    jointed    and    irregularly 

bedded 3 

9.    Limestone,  dark,  drab,  calcitic   at  top 1% 

8.    Limestone,  blue,   buff   where   exposed,   calcite   plentiful,   in 

seven    or    eight    layers 1V« 

7.    Limestone,  drab    % 

6.    Limestone,  buff,  earthy,  finely  streaked  with  yellow  lines . .       2V« 

5.  Shaly  partings  with  very  wavy  lines  of  contact  above  and 

below  % 

'  4.    Limestone,  hard,  brittle,  drab,  middle  portion  developing 

layers 'S^/% 
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FEET. 

3.  Limestone,  blue,   of  good   quality,  firm,   finely  crystalline, 

witb  pockets  of  crystals,  thickness  not  taken 

2.  Limestone,  gray,  finely  subcrystalline,  yielding  good  flags..        % 

1.  Limestone,   gray,   somewhat  crystalline,   fracture   coarsely 

conchoidal,  of  good  quality 2\^ 

This  quarry  and  its  double  east  of  the  township  line  supply 
the  southwestern  portion  of  the  county  with  foundation  stone. 
Quarries  have  also  been  opened  in  the  vicinity  of  Raymond. 
Their  chief  interest  comes  from  the  fact  that  this  is  one  of 
the  classic  sections  in  the  correlation  of  the  Devonian  deposits 
in  Iowa  and  not  on  account  of  its  economic  importance.  The 
quarries  have  been  little  worked  for  many  years  and  the  sec- 
tions are  much  obscured. 

The  Lowell  quarry  located  about  the  middle  of  section  5, 
Union  township,  near  the  village  of  Finchford,  shows  the  fol- 
lowing section: 

UNION  TOWNSHIP  QUARRY. 

FEET. 

4.  Soil  and  drift 1 

3.  Limestone,  much   broken   into  chips  which  are  hard  and 

firm    2 

2.  Limestone,  mottled  bluish  and  yellow;   hard,  fracture  un- 

even;   carries   crystalline    calcite 'i 

1.    Limestone,  brownish  gray,  conchoidal  fracture;  slightly  lith- 
ographic ;    exposed 2 

The  quarry  floor  is  about  ten  to  fifteen  feet  above  the  water 
level.  Several  acres  are  available  here  under  comparatively 
light  stripping.    Other  limestone  outcrops  occur  in  Finchford. 

An  old  quarry  south  of  Winslow  near  Newell  lake  furnished 
stone  used  for  riprap  work  just  above  Washington  and  Union 
bridge.  The  section  was  obscured  by  talus  when  visited.  In 
all  of  these  outcrops  the  beds  as  a  whole  furnish  a  fair  grade  of 
material  for  crushed  stone  purposes. 

BOONE  COUNTY. 
Sand  and  Gravel. 

Boone  county  has  sand  and  gravel  deposits  of  two  kinds, 
terraces  along  and  beds  in  the  channels  of  the  present  streams, 
and  pockets  in  the  Wisconsin  drift  Mils. 
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STREAM  GRAVELS.  Terraces.— There  are  two  or  more 
terraces  visible  along  Des  Moines  river.  From  the  lower  one  of 
these  at  Moingona  the  Chicago  and  North  Western  Eailway  has 
removed  enormous  quantities  of  material.  These  gravels  belong 
to  the  valley  train  of  the  Wisconsin  ice.  They  usually  carry 
from  two  to  five  feet  of  stripping  and  are  rather  dirty  for 
concrete  work. 

Just  north  of  its  new  viaduct  in  section  34  of  Douglas  town- 
ship, the  Chicago,  Milwaukee  &  St.  Paul  Railway  has  opened 
a  pit  in  a  terrace  some  seventy  feet  above  the  river.  Up  to 
twenty  feet  of  gravel  has  been  developed  here.  The  terrace 
has  an  area  of  fifty  acres  or  more.  Gravel  from  this  pit  is 
being  used  on  the  streets  of  Madrid.  The  same  terrace  is  being 
worked  near  Fraser. 

A  gravel  terrace  twenty  to  twenty-five  feet  above  water  may 
be  followed  along  Beaver  creek  from  the  Dallas  county  line  to 
Beaver  and  beyond.  The  materials  of  this  terrace,  which  has 
been  opened  in  many  places,  consist  of  sand  and  gravel  in  vary- 
ing proportions.  In  places  these  are  interbedded,  in  others^ 
cross-bedded,  and  in  still  others  piled  in  with  no  signs  of  classi- 
fication whatever.  Gravel  is  now  being  taken  from  various 
places  in  this  terrace,  among  which  may  be  mentioned  a  pit 
in  the  southwest  quarter  of  section  10,  and  the  northeast  quarter 
of  section  4,  Union  township,  in  the  northern  portion  of  sec- 
tion 4,  Beaver  township,  and  in  southeast  section  31,  Amaqua 
township.  In  the  first  named  pit  up  to  six  feet  of  cross-  and 
interbedded  materials  are  exposed  under  two  or  three  feet  of 
cover.  The  town  of  Berkley  obtains  its  supply  from  section  4 
of  Union  township,  and  the  pit  last  named  above  supplies  the 
town  of  Beaver. 

Channel  Deposits. — ^Although  the  deposits  are  not  continuous 
throughout  the  county,  the  channel  of  Des  Moines  river  is 
choked  with  gravel  and  sand  in  many  places.  At  Fraser  im- 
mense quantities  are  being  removed  for  local  use  and  to  supply 
the  needs  of  neighboring  towns.  The  river  has  deposited  large 
amounts  along  its  course  west  of  Boone,  but  the  high  steep  hills 
bordering  the  river  make  its  distribution  costly.  These  channel 
gravels  are,  on  the  whole,  cleaner  and  more  desirable  than  the 
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terrace  materials,  and  in  many  places  excellent  opportunities 
for  their  recovery  by  pumping  are  offered. 

GLACIAL  DEPOSITS.— Boone  county  lies  entirely  within 
the  area  covered  by  the  Wisconsin  drift,  and  its  surface  ex- 
hibits the  characteristic  topography  of  the  youngest  drift  sheet. 
Many  of  the  hills  and  hummocks  of  this  drift  sheet  contain 
gravel  and  sand,  sometimes  as  a  sheet  capping  the  clay,  and 
again  as  lenses  or  pockets  within  the  drift.  The  most  important 
of  the  deposits  of  this  kind  is  Pilot  Mound,  near  the  town  of 
the  same  name.  The  Minneapolis  &  St.  Louis  Railroad  has 
operated  a  pit  here  for  some  years,  the  product  being  used  for 
ballast.  The  local  demand  for  road  and  concrete  materials  is 
elso  supplied  from  this  pit. 

BREMER  COUNTY. 
Sand  and  Gbavel. 

Most  of  the  deposits  of  gravel  found  in  Bremer  county  belong 
to  the  Buchanan  stage,  which  immediately  followed  the  Kansan 
ice  invasion. 

Professor  Calvin  has  recognized  two  types  of  these  gravels 
(see  Buchanan  county  report) — an  upland  phase  of  outwash 
composed  of  sand  and  gravel,  much  of  the  latter  material  being 
in  an  advanced  stage  of  decomposition,  and  a  valley  phase  of 
quartzose  sand  and  gravel.  This  latter  phase  forms  gravel 
trains  and  the  remains  usually  appear  as  stream  terraces. 

In  some  parts  of  the  county  river  bars  form  important  sources 
of  supply. 

Vallep  Phase, — The  quartzose  gravels  found  in  the  wide 
valleys  of  the  Cedar,  Wapsipinicon,  Crane  creek  and  other 
streams  are  undoubtedly  continuations  of  valley  trains  which 
in  other  counties  have  been  called  by  Calvin  the  valley  phase 
of  the  Buchanan  gravels. 

Stream  terraces  of  the  Cedar  are  extensively  utilized  for 
their  contents  at  Waverly  and  vicinity  and  a  number  of  pits 
have  been  opened.  Just  south  of  Waverly  on  the  west  side  of 
the  river,  Mr.  A.  L.  Woodruff  has  five  acres  of  terrace  which 
shows  the  following  section : 
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FEET. 

Soil   (with  lenses  of  fine  sand)    2-5 

Gravel 144-' 

This  gravel  is  stratified  and  cross-bedded,  and  two-thirds  of 
it  will  not  pass  a  one-eighth  inch  screen.  Only  five  feet  of  the 
gravel  are  above  water  and  this  is  slightly  coarser  than  the 
material  below.  Mr.  J.  H.  Eussell  owns  two  acres  of  this  ter- 
race  adjoining  Mr.  Woodruff  on  the  west.  Directly  across  the 
river  there  are  eight  acres  of  terrace  similar  to  this,  except 
that  the  gravel  is  somewhat  coarser. 

Other  good  deposits  of  gravel  are  found  in  the  neighborhood. 
The  Eureka  Cement  Tile  Company  owns  five  acres  of  gravel 
terrace  at  Janesville.  Numerous  other  localities  along  Cedar 
river  have  gravel  terraces  but  little  or  no  use  has  been  made 
of  them  as  yet. 

Concrete  material  is  obtained  from  a  pit  on  P.  C.  Griffin's 
land  along  the  East  Wapsipinicon  four  miles  east  of  Frederika. 
Several  acres  containing  three  to  four  feet  of  gravel  under  as 
much  soil  are  known  in  this  vicinity.  The  city  of  Tripoli  has 
a  pit  along  this  river  about  one  and  one-half  miles  north  of 
the  town. 

Small  amounts  of  gravel  and  sand  are  produced  from  benches 
along  Buck  and  Crane  creeks.  Mr.  Fred  Stalhut  has  two  acres 
of  terrace  about  three  miles  west  of  Sumner.  Here  there  are 
six  feet  of  gravel  of  varying  fineness  under  two  or  three  feet 
of  soil. 

• 

Upland  Phase. — Deposits  of  the  upland  phase  of  the  Buchanan 
gravels  are  found  in  different  parts  of  the  county,  and  in  many 
places  form  valuable  deposits.  One  worthy  of  mention  is  on 
the  top  of  a  hill  in  the  southern  part  of  section  14  of  La  Fayette 
township.  Six  feet  of  iron-stained  gravel  appear  beneath  one 
and  one-half  feet  of  soil.  All  the  pebbles  are  small  and  the 
granites  are  thoroughly  decayed.  Clay  till  is  interbedded  in 
the  gravel  at  one  place.  A  few  other  deposits  of  importance 
are  located  in  sections  11  and  36  of  La  Fayette  township,  18 
of  Polk,  and  in  the  vicinity  of  Readlyn  and  Artesian. 

• 

Reworked  Materials. — Sand  and  gravel  bars  occur  along  most 
of  the  streams  and  a  considerable  amount  of  material  is  pro- 
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duced  annually  from  this  source.  The^e  deposits  are  more  or 
less  transient,  and  many  of  them  are  quickly  exhausted,  al- 
though new  ones  are  formed  and  readily  found.  Bremer  county 
owns  five  acres  in  Cedar  river  near  Plainfield. 

Stone. 

The  Niagaran  limestone  is  known  to  appear  at  the  surface 
at  but  few  points  in  Bremer  county.  The  most  important  sec- 
tion appears  along  Baskin  creek  in  the  southeast  quarter  of 
section  17,  range  XIII  west,  township  91  north.  The  beds  which 
may  be  seen  in  this  quarter  are  as  follows: 

FEET. 

3.  Limestone,  brecciated ;  composed  of  sharp  angular  fragments 
of  a  drab,  laminated  limestone  of  lithographic  fineness  of 
grain,  in  a  gray  matrix 1 

2.  Sandstone,  filled  with  small  angular  fragments  of  white 
chert,  in  two  or  three  layers,  apparently  conformable  with 
1    % 

1.  Dolomite,  light  buff,  subcrystalline,  vesicular,  with  cavities 
up  to  eight  inches  in  diameter;  in  heavy,  irregular,  rough- 
faced  beds  up  to  two  feet  thick 13 

The  lower  beds  were  quarried  formerly  and  used  in  the  manu- 
facture of  lime  of  excellent  quality. 

Similar,  but  less  extensive  sections  occur  in  section  20  of  the 
same  township  and  in  section  36  in  Douglass  township,  three 
and  one-half  miles  west  of  Tripoli.  An  analysis  of  the  last  men- 
tioned occurrence  shows  its  true  dolomitic  character,  and  is 
given  below: 

Silica    1.53 

Iron   oxide    0 .  48 

Calcium  carbonate  54.32 

Magnesium  carbonate   43 .41 

Combined  water   - 0.26 

None  of  the  outcrops  mentioned  have  been  utilized  to  any  ex- 
tent commercially.  All  are  located  remote  from  towns  and 
railways  and  notwithstanding  their  excellent  quality  for  lime, 
and  the  fact  that  but  little  stripping  is  required,  it  is  not  prob- 
able that  they  will  be  important  in  the  quarry  industry  for  some 
time  to  come. 

The  Wapsipinicon  and  Cedar  Valley  stages  are  well  repre- 
sented in  Bremer  county.  Beds  of  the  latter  age  are  supposed 
to  occur  immediately  beneath  the  drift  over  more  than  five- 
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sixths  of  the  coimty  while  known  outcrops  of  the  former  are 
limited  to  points  along  Cedar  river  from  Janesville  to  Waverly, 
and  along  Quarter  Section  run  and  Baskin  creek  southeast 
of  Waverly.  The  best  section  available  appears  in  the  southeast 
quarter  of  the  southwest  quarter  of  section  20,  township  91 
north,  range  XIII  west.    The  beds  exposed  are  as  follows: 

FEET. 

6.  Limestone,  massive,  in  one  undivided  layer  weathering  to 
scoriaceouB  surface  in  places  and  in  other  places  to 
smooth  surface.  Color  mottled,  prevailingly  a  light  brown- 
ish drab,  weathering  to  lighter  gray,  slightly  vesicular, 
fracture  uneven  4 

5.    Limestone  of  same  facies  as  above  in  layers  of  about  eight 

inches   2 

4.    Concealed   15 

3.    Limestone  similar  to  Noe.  5  and  6,  but  in  separable  laminie      1 

2.  Cherty  sandstone;  in  layers  from  four  to  six  inches  thick, 
chert  fragments  angular,  small,  those  of  an  inch  and  one- 
half  being  rare,  and  sand  fine,  of  moderately  well  rounded 
grains  of  clear  quartz  and  of  minute,  angular  grains  of 
cryptocrystalline  silica,  cement  calcareous.  Not  seen  in 
place  but  scattered  in  slabs  over  a  slope  of 5 

1.    Niagaran  limestone,  exposed  a  few  rods  down  stream 8 

The  Wapsipinicon  beds  are  not  worked  to  any  noteworthy 
extent  at  the  present  time.  The  Cedar  Valley  on  the  other  hand 
is  being  or  has  recently  been  quarried  at  four  leading  localities, 
Janesville,  Waverly,  Frederika  and  along  Cedar  river  north 
of  Plainfield.  With  a  single  exception  the  individual  quarry 
output  is  small.  The  sections  given  below  will  afford  a  fair 
idea  of  the  potential  wealth  of  the  county  in  structural  mate- 
rials. The  beds  developed  in  Mores'  quarry  located  on  the  left 
bank  6t  the  Cedar  in  the  town  of  Waverly  are  as  follows : 

MORES'  QUARRY  SECTION,  WAVBRLT. 


Z.  Limestone,,  yellow,  fine-grained;  nonfossiliferous  so  far  as 
observed,  heavily  bedded,  crossed  with  close  diagonal  Joints 
containing  numerous  geodic  cavities  up  to  six  inches 
in  diameter  lined  with  dogtooth  spar,  and  concretionary 
balls  marked  with  reddish  concentric  ferruginous  stains..     10 

2.  Limestone,  yellow,  argillaceous,  weathering  above  to  calca- 
reous plates  one-half  inch  and  upwards  in  thickness;  below 
more  massive,  weathering  to  irregular  chipstone,  geodifer- 
ous,   sparingly   fossiliferous    8 

1.  Limestone,  yellow,  hard,  tough  layers  up  to  four  feet  thick, 
fossiliferous;  to  flood  plain  of  river 10 

Extensive  cuts  along  the  Chicago  Great  Western  railway 
one-half  mile  east  of  the  station,  show  a  yellow,  profoundly 
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decayed  limestone.     Underneath  is  a  soft,  buff,  massive  lime- 
stone containing  numerous  geodes.    It  is  strongly  dolomitic. 

The  Cedar  River  Stone  Company,  formerly  the  largest  oper- 
ator in  the  county,  has  gone  out  of  business.  The  plant  was 
located  on  Cedar  river  one  and  one-half  miles  southeast  of  Wa- 
verly  and  was  connected  with  the  Chicago  Great  Western  rail- 
way by  a  short  spur.  The  quarry  pit  and  hillside  show  the 
following  beds : 

FEET. 

5.     Stripping,  limestone,  light  gray,  soft,  broken  by  the  weather 

into  layers  from  2  to  4  inches  thick,  fossils  rare 9 

4.  Limestone,  dense,  hard,  tough,  yellow-gray,  lowest  layers 
about  3  inches  thick,  divided  by  diagonal  joints  and  bed- 
ding planes  into  rhombic  blocks  1  to  4  feet  in  diameter. 
Occasional  geodic  cavities  an  inch  or  so  in  diameter  lined 

with  drusy  calcite  are  present;  fossiliferous 25 

3.    Concealed    12 

2.    3reccia  of  Wapsipinicon  stage,  hard  and  dense 5 

1.     Concealed   to  water's   edge 3 

The  quarry  was  developed  to  a  depth  of  about  thirty  feet. 
The  stone  presents  a  clean,  subconchoidal  fracture,  is  almost 
impervious  and  carries  but  little  clay.  It  is  considerably  fis- 
sured, the  openings  are  often  large  and 'filled  with  a  clay  of 
putty-like  consistency  of  gray  to  gray-blue  color  when  freshly 
exposed  but  iron-stained  where  weathered.  The  quarry  drains 
directly  into  the  river.  At  present  there  is  but  little  stripping, 
the  removal  of  which  is  done  by  hand.  The  quarry  is  ideally 
located  for  the  installation  of  a  hydraulic  plant  for  removing 
the  overburden.  Practically  the  entire  product  of  the  quarry 
consisted  of  crushed  stone  of  excellent  quality. 

North  of  Waverly  the  limestone  outcrops  at  numerous  points 
on  both  sides  of  the  river  to  the  north  county  line.  On  the 
southwest  quarter  of  section  16  in  La  Fayette  township  the  fol- 
lowing beds  may  be  made  out : 

FEET. 

3.    Limestone,  light  brown,  weathering  to  drab,  hard,  ringing, 

unfossiliferous,  laminated  to  plates  one-half  inch  thick..       8 

2.    Limestone,  magnesian,  soft,  buff 10 

1.    Unexposed  to  flood  plain  of  river 5 

North  of  Plainfield,  several  small  quarries  have  been  opened. 
Seven  feet  of  buff,  compact,  magnesian  limestone,  in  layers  from 
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six  to  ten  inches  thick,  and  containing  irregular  concretions, 
have  been  quarried.  The  beds  are  thin  and  argillaceous  for  a 
few  inohes  at  the  top. 

East  of  Cedar  river  and  the  immediate  vicinity  the  country 
rock  is  deeply  covered  with  drift  and  the  only  exposures  of  the 
indurated  beds  are  in  the  immediate  neighborhood  of  Frederika 
along  Wapsipinicon  river,  and  a  limited  outcrop  of  Niagaran 
limestone  west  of  Tripoli. 


At  Frederika  the  drift  covering  is  comparatively  thin  and 
the  limestone  bears  evidence  of  considerable  superfiraal  weather- 
ing in  the  enlarged  joints  and  limestone  residuum.  The  Brodie 
quarry  facing  the  Wapsipinicon  is  a  fair  average  for-  the  dis- 
trict.   The  following  beds  may  be  observed : 

3.  Limeetone,  yellow,  shattered  by  the  weather  to  coarse  rhom- 
bic chlpBtone    9 

2.  Llmeatone,  hard,  yellow,  magneelan.  In  heavy  courses  up  to 
three  feet  thick,  oot  laminated;  bedding  planes  quite  even 
and  regular,  geodes  up  to  six  and  eight  Inches  In  diameter 


1.  Limestone,  blulsb  weathering  U  buff;  hard,  rlaglng,  sub- 
concholdal  fracture,  la  two  layers,  the  lower  being  one 
foot  and  the  upper  two  feet  thick.   Sparingly  fosslUferous 
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BUCHANAN  COUNTY. 
Sand  and  Gbavel. 

All  the  sand  and  gravel  deposits  of  Buchanan  county  are 
those  laid  down  at  the  time  of  the  retreat  of  the  Kansan  ice. 
These  deposits  were  first  studied  and  identified  as  a  definite 
horizon  by  Professor  Samuel  Calvin,  who  worked  in  this  region 
prior  to  1897,  and  by  him  were  given  the  name  of  the  county. 
The  characterization  of  these  beds  and  the  theory  of  their 
origin,  as  given  here,  are  taken  from  that  author's  reports  on 
Buchanan*  and  Howard**  counties. 

Characteristics  of  the  Buchanan,. — ^In  the  latitude  of  Buchan- 
an county  the  disappearance  of  the  Kansan  ice  was  attended 
by  strong  currents  of  water  flowing  away  from  the  ice  margin. 
These  currents  were  loaded  with  glacial  debris  including  frag- 
ments ranging  from  fine  silt  to  bowlders  a  foot  or  more  in 
diameter.  The  course  of  the  currents  was  marked  by  deposits 
of  sand  and  gravel  more  or  less  sorted  and  stratified,  and  not 
infrequently  cross-bedded  on  an  extensive  scale. 

The  Buchanan  gravel  presents  two  phases,  an  upland  phase 
in  which  the  materials  are  relatively  coarse,  and  a  valley  phase 
composed  largely  of  sand  and  fine  gravel.  Bowlders  ranging 
to  more  than  a  foot  in  diameter  are  not  uncommon  in  the  up- 
land deposits;  pebbles  more  than  an  inch  in  diameter  would 
rank  among  the  unusually  large  constituent  fragments  in  the 
lowland  phase.  The  upland  gravels  are  distinguished  by  the 
presence  of  coarser  and  less  perfectly  assorted  materials. 
Cobbles  and  bowlders  of  all  sizes  up  to  ten  or  twelve  inches 
in  diameter  are  found  indifferently  mixed  with  pebbles  and  fine 
sand,  and  many  of  the  larger  erratics  show  glacial  planing  and 
striation  on  one  or  more  sides.  While  the  gravels  have  all  the 
characteristics  of  deposits  made  in  flowing  water  it  is  certain 
that  the  planed  and  striated  cobbles  have  not  been  rolled  or 
transported  very  far.  The  valley  gravels,  on  the  other  hand, 
are  quite  uniform  as  to  the  size  of  the  pebbles.  It  is  seldom 
that  any  of  the  material  exceeds  three-fourths  of  an  inch  in 
liiameter.    The  usual  size  is  about  half  an  inch,  and  the  great 

•Iowa  Geological  Survey,  Vol.  VIII,  p.  203. 
••Opus  clt,  Vol.  XIII,  p.  28. 
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body  of  the  valley  phase  is  compoBed  of  well-rounded,  polished, 
siliceous  pebbles.  Cross-bedding  is  more  common  in  the  up- 
land than  in  the  valley  gravels. 

One  of  the  principal  characteristics  of  the  Buchanan  gravels 
is  the  distinct  evidence  of  age.  They  are  almost  invariably  much 
iron-stained  and  decayed,  the  granites  in  particular  being  dis- 
integrated so  completely  as  to  be  readily  crushed  in  the  hands. 
This  feature  is  more  distinctly  noticeable  in  the  upland  than  in 
the  valley  phase,  probably  due  to  the  fact  that  these  were  long 
exposed  to  the  weather  before  the  drift  which  now  covers  them 
was  deposited.  The  valley  gravels  were  covered  soon  after 
deposition  bj'  a  layer  of  silt,  and  the  action  of  weathering 
agencies  thus  retarded. 


Fin.  5— Buchanan   gravt^la.  IlllnoiB  Central  Railway  pit  east  of  Independence, 


The  type  exposure  of  Buchanan  gravel  occurs  at  tlie  gravel 
pit  of  the  Illinois  Central  Eailroad  in  the  northwest  quarter  of 
s^ection  32,  Byron  township.  Here  the  deposit  is  about  twenty 
feet  in  thickness.  It  consists  of  stratified,  often  cross-bedded, 
sand  and  gravel  with  many  bowlders,  six,  eight,  ten  or  twelve 
inches  in  diameter.  A  very  large  proportion  of  the  bowlders 
show  unabraded  glacial-planed  surfaces  which  would  indicate 
that  if  they  had  been  transported  by  current  action  for  any 
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considerable  distance  they  were  not  rolled,  but  probably  had 
been  carried  by  floating  ice.  In  some  parts  of  the  pit  the  gravels 
are  very  ferruginous  and  weather  stained.  Many  of  the  granite 
bowlders  are  completely  decayed  and  crumble  to  sand  on  the 
application  of  very  slight  force. 


Fin.  E — An  abandoi 


There  are  a  number  of  localities  near  Independence  at  which 
sands  and  gravels  are  found.  Just  north  of  the  Illinois  Central 
stock  yards  a  bed  of  light  yellow,  rather  fine  gravel  six  feet 
thick  is  exposed  along  the  river  bank  and  this  is  shown  to  ex- 
tend for  some  distance  up  the  stream.  Up  Harter  creek  these 
gravels  show  in  several  natural  exposures.  They  are  all  quite 
fine,  none  of  the  material  exceeding  one-half  inch  in  diameter. 
Within  a  mile,  "however,  coarser  material  enters  and  bowlderets 
up  to  six,  eight  and  even  twelve  inches  become  common,  \vith  a 
large  number  of  pebbles  of  two  to  four  inches  in  diameter. .  The 
gravels  are  discernible  as  far  up  the  stream  as  this  has  any 
valley,  until  it  grades  into  the  prairies  of  the  uplands.  They 
extend  in  most  cases  up  to  the  grass  roots. 

On  the  summit  of  a  hill  about  a  mile  east  of  Independence  in 
section  2,  township  88  north,  range  IX  west,  there  is  found  a 
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capping  of  reddish  yellow  ferruginous  gravels  which  are  darker 
than  those  described  above.  This  lower  coarse  bed  is  overlain 
by  fine  cross-bedded  sands  and  above  these  is  another  coarser 
and  darker  layer.  Above  this  are  two  feet  of  sandy  lowan  till. 
This  deposit  extends  across  the  road  into  section  36  of  Wash- 
ington township  where  it  is  being  dug  for  various  purposes. 
The  **  State  Koad"  running  east  from  Independence  across  the 
county  and  into  Delaware,  has  been  gravelled  for  several  miles 
with  this  material  and  is  an  excellent  highway.  The  roadbed 
is  smooth  and  Ijard  although  a  little  dusty.  These  are  the  Bu- 
chanan gravels  which  are  so  abundant  in  this  and  neighboring 
counties.  They  belong  to  the  upland  phase  while  those  along 
Harter  creek  belong  to  the  lowland  or  valley  type.  Similar 
deposits  outcrop  along  the  road  to  Quasqueton  and  show  the 
same  characteristics  of  oxidation,  granitic  decay  and  the  like. 

In  the  west  bank  of  Pine  creek  in  sections  20  and  21,  Liberty 
township,  are  coarse  red  gravels  which  show  a  thickness  of 
twenty  feet.  Pebbles  two,  four,  or  six  inches  in  diameter  and 
even  larger  are  not  uncommon.  Above  the  gravels  is  a  very 
fine  yellow  sand  to  the  grass  roots.  Across  the  creek  the  bank 
is  forty  feet  high,  cut  entirely  in  limestone.  In  the  stream  bed 
one  mile  west  of  Quasqueton  is  a  fine  bank  of  cross-bedded  sands 
and  gravels,  some  of  the  layers  of  which  are  somewhat  more 
ferruginous  and  are  partially  cemented.  The  bed  is  revealed 
to  a  height  of  fifteen  feet.  A  mile  south  of  Quasqueton  in  sec- 
tion 3,  Cono  township,  is  a  long,  well  defined  terrace  of  gravels 
of  the  rather  fine  valley  type.  It  is  set  back  from  the  stream 
and  a  wide,  old  flood  plain  ten  feet  high  intervenes,  A  similar 
flood  plain  fifteen  to  twenty  feet  above  the  river  occupies  the 
northeast  corner  of  section  33,  Liberty  township,  and  extends 
into  section  28.  It  is  built  up  of  fine  gravels,  is  very  level  and 
is  bounded  by  old  bluffs.  In  sections  29  and  30  of  this  toAvnship 
is  a  terrace  which  is  now  thirty-five  feet  high.  It  is  covered 
with  fine  yellow  gravels  resting  on  a  foundation  of  the  brec- 
ciated  limestone  which  forms  the  bed  rock  of  this  region  and 
is  set  back  one-fourth  of  a  mile  from  the  river.  In  the  south 
part  of  Independence  this  terrace  is  again  evident,  and  is  here 
capped  with  fine  fresh  sands  probably  of  recent  age.    In  places 
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these  are  not  over  four  feet  thick  and  cover  coarse,  dark  red 
sands  and  gravels  probably  of  Buchanan  age.  The  upland 
gravels  are  seen  in  the  south  half  of  section  32,  Liberty  town- 
ship, crowning  the  hilltops.  They  are  coarse,  bowldery  and  of 
the  usual  type. 

The  road  from  Independence  to  Littleton  on  the  north  side  of 
the  river  follows  along  a  terrace  of  Buchanan  gravels  which 
are  overlain  by  one  or  two  feet  of  lowan  drift.  This  terrace  is 
from  less  than  one-fourth  mile  to  a  mile  back  from  the  stream 
and  six  to  eight  feet  above  the  lower  flood  plain  which  in  turn 
is  about  six  feet  above  the  stream.  This  flood  plain  is  underlain 
by  fine  yellow  river  gravels  which  rest  upon  old,  red,  coarse 
gravels. 

Terraces  similar  to  those  on  the  north  bank  of  the  Wapsi- 
pinicon  border  its  southern  bank  also.  A  continuation  of  these 
terraces  extends  up  the  Little  Wapsipinicon  as  far  as  the  middle 
^f  section  32,  Fairbank  township. 

A  little  beyond  Littleton,  in  the  center  of  section  8,  Perry 

'^^^^flhip,  is  a  pit  in  a  hill  of  Buchanan  gravel.    This  is  a  dark 

.^^      Tather  coarse  deposit  overlain  by  a  thin  veneer  of  lowan 

(jj^^  Indications  of  gravel  are  also  seen  in  the  northeast  quar- 

jer     <=^  :f  section  29,  Fairbank  township. 

^^  ^X  along  Otter  creek  the  sands  and  gravels  of  the  valley 
ph^^^  of  the  Buchanan  gravels  are  much  in  evidence.    Thus  on 
th^      "^^est  line  of  section  17,  Washington  township,  the  bank  re- 
vea.X^   a  bed  of  coarse,  red  gravels  thirty  feet  above  the  stream. 
At   "tlm^e  bridge  near  the  southwest  corner  of  section  5  is  a  twenty- 
toot        terrace  of  fine,  clean,  yellow  sand  without  pebbles.    The 
lerx^^x^g  borders  the  stream  very  closely  and  leaves  only  a  very 
^^*^*"^::>w  flood  plain.    It  extends  for  some  distance  up-stream  and 
baci  1^    from  the  stream  it  merges  into  the  lowan  plain.    The  same 
^^>      yellow,  unoxidized  sands  occur  in  a  terrace  ten  to  twelve 
ife^x:    loigh  in  the  northwest  quarter  of  section  33,  Hazelton  town- 
^^I^  •    They  bound  the  rather  narrow  flood  plain  and  are  marked 
^^^^^    distinctly  from  it.    The  same  terrace  is  seen  again  in  the 
^^^tlxeast  quarter  of  section  21  and  bears  the  same  character- 
wios.    The  bank  of  a  small  creek  on  the  north  border  of  Hazel- 
\oix,  ^here  the  road  crosses,  consists  of  sand  and  clay  ten  feet 
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high  and  capped  by  a  foot  of  coarse  gravel.  Beyond  the  bridge 
the  road  follows  Otter  creek  and  the  terrace  here  shows  red  sands 
and  gravels  at  the  top.  On  both  sides  of  the  bridge  over  Otter 
creek  in  the  center  of  section  4  are  terraces  with  light  yellow, 
unoxidized,  fine  sands  overlain  by  two  feet  of  coarse  red  gravels 
with  pebbles  up  to  two  inches  in  diameter.  These  extend  up  to 
the  sod.  These  terraces  follow  up  the  creek  beyond  Oelwein, 
as  described  under  the  caption  Fayette  county,  until  they  merge 
with  the  lowan  plain. 

Along  the  uplands  bordering  Otter  creek  the  coarser,  more 
ferruginous  upland  gravels  are  abundant.  Thus  on  the  side  of 
a  hill  in  the  northwest  quarter  of  section  4,  AVashington  town- 
ship, is  an  exposure  in  which  pebbles  up  to  two  and  three 
inches  in  diameter  are  abundant.  Only  about  100  yards  back 
from  the  bank  of  clean  yellow  sands  in  section  21  the  road  is 
cut  through  a  bed'  of  upland  gravels  of  very  coarse  type. 


Banks  of  gravel  are  exposed  along  the  east  and  west  branches 
of  Buffalo  creek  from  the  north  county  line  to  their  junction 
and  in  places  form  terraces  of  considerable  height.  Many  of 
the  deposits  are  ratlier  coarse  and  well  oxidized,  while  in  places 
finer  gravels  underlie  these.    At  the  junction  point  of  the  two 
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branches  these  terraces  are  well  marked,  are  eight  to  ten  feet 
high  and  in  places  are  set  back  several  hundred  yards  from  the 
present  stream.  South  of  Winthrop  the  terraces  continue  in 
force.  In  section  6,  Middlefield  township,  is  a  bank  twelve  feet 
high  made  of  rather  coarse  gravel  whose  surface  grades  into  the 
level  lowan  plain  beyond.  Tiiese  gravels  are  found  for  miles 
bordering  the  creek  valley. 


poBure  ol  uplKnd  phase  o 


At  the  point  where  the  Maquoketa  river  enters  the  county 
gravel  appears  in  the  banks  and  becoraes  quite  abundant  in  the 
neighborhood  of  Lament.  The  terraces  here  are  built  up  of 
rather  fine,  yellowish  gravels  rising  ten  feet  above  the  stream. 
They  are  continued  into  Delaware  county  to  the  east. 

Upland  gravels  are  common  in  this  part  of  the  county,  as 
they  are  elsewhere.  The  hilltops  between  Lamont  and  Aurora 
are  capped  with  these  deposits,  often  rather  coarse,  carrying 
cobblestones  of  four,  six  and  eight  inches  diameter,  rusty  and 
weathered  for  the  most  part  though  one  bed  in  the  southeast 
quarter  of  the  northeast  quarter  of  section  10,  Madison  town- 
shipj  well  up  and  away  from  the  stream,  is  made  of  fine,  yellow 
gravel,  quite  like  the  valley  type.    One  of  the  best  of  these 
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upland  beds  lies  about  two  miles  west  of  Winthrop  on  the  "State 
Boad"  and  has  been  opened  in  the  northwest  corner  of  section 
3  of  Liberty  township.  Here  are  several  feet  of  fine  yellow 
sands  overlain  by  coarser  ones.  The  old  Illinois  Central  pit 
immediately  west  of  Doris  is  the  classic  locality  for  the  Bu- 
chanan gravels  but  it  has  been  abandoned  for  years. 


The  Niagaran  limestone  occupies  a  triangular  area  in  the 
northeast  one-third  of  the  county.  Outcrops  appear  along  Otter 
creek  in  Hazelton  township,  and  in  Buffalo  and  Madison  town- 
ships. The  usual  type  exposed  is  the  coarse,  granular  dolomite. 
Near  Hazelton,  in  section  2  of  Hazelton  township,  the  coarse 
dolomite  passes  beneath  fine-grained  nondolomitized  limestone, 
varying  in  color  from  light  drab  to  blue.  Small  openings  have 
been  made  in  alt  of  the  above  areas  but  little  stone  has  been 
taken  out. 


via.  9 — View 


City   d 
plrlfer 


Beds  belonging  to  the  Devonian  are  found  immediately  be- 
neath the  mantle  of  drift  over  about  two-thirds  of  the  super- 
ficial area  of  the  county.  The  lowest  Devonian  beds  which 
afford  any  quarry  products,  are  represented  by  a  rather  soft, 
imperfectly  bedded  limestone,  which,  as  a  rule,  yields  readily 
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to  weathering  influences.  It  is  very  much  shattered  and  jointed, 
and  has  been  referred  to  the  Wapsipinicon  stage  of  Norton.  A 
number  of  small  quarries  have  been  opened  in  the  beds  in  the 
vicinity  of  Independence.  Along  Pine  creek  in  Liberty  township, 
and  on  sections  33  and  34  in  Newton  township,  the  equivalent 
beds  are  harder  and  generally  better  in  quality.  An  average 
section  for  Independence  is  taken  from  a  quarry  located  in  the 
eastern  edge  of  town  and  is  as  follows : 

3.     LimeBtone,  yellowlsb,  rather  hard,  rlnss  when  struck  with  the 
hammer,  In  ratber  thin  layers,  and  containing  numeroua 
corals,  among  which  CysHphyiium  american-am  and  Acer- 
valaria  profunda  are  the  most  characteristic  species 4 

2.  Limestone,  the  Spirifer  pennatut  beds,  showing  the  usual 
assemblage  of  lossll  species,  not  definitely  bedded,  but  Inter- 
sected by  a  sreat  number  of  Joints.  The  phenomenon  of 
"sllctcensldea"  is  developed  on  the  Joint  Faces  on  an  ex- 
tensive  scale    8 

1.  Limestone,  the  barren  beds.  UtboloKlcalljr  like  the  8.  pen- 
natut beds  above   10 

No.  3  of  this  section  is  the  lowest  member  of  the  Cedar  Valley 
stage  of  the  Iowa  Devonian. 

Similar  sections  may  be  observed  along  Pine  creek  and  the 
Wapsipinicon  in  Liberty  township.  Also  along  Dry  creek  in 
Newton  township. 


100  ROAD  AND  CONCRETE  MATERIALS  IN  IOWA 

The  most  important  quarries  have  been  opened  in  the  Cedar 
Valley  limestone.  The  stone  is  harder,  resists  weathering  in- 
fluences better  and  occurs  in  more  regular  beds  than  the  Wap- 
sipinicon.  These  beds  have  been  developed  at  Fairbank,  near 
Littleton,  Jesup,  and  Brandon,  and  near  Quasqueton,  where  a 
small  outlier  of  the  Cedar  Valley  occurs  some  miles  from  the 
main  body.  The  beds  quarried  are  about  the  same  at  all  of 
these  places. 

At  Fairbank.  a  quarry  in  the  west  side  of  the  river  shows  the 
f  ollo^ving  beds : 

FEET. 

5.  Very  dark  brown  residual  clay  or  geest;  a  few  inches  to 1 

4.  Limestone,  in  thin  layers 4 

3.  Limestone,  fossiliferous 1 

2.    Limestone,  yellowish,  soft,  evenly  bedded,  in  layers  ranging 
up  to  six  or  eight  inches  in  thickness 5 

1.  Limestone,  heavy  beds,  not  fossiliferous,  exposed  at  base  of 

quarry 2—3 

Farther  south  more  extensive  sections  are  shown.  At  Little- 
ton extensive  natural  sections  aggregating  seventy  feet,  may 
be  seen  both  above  and  below  the  dam.  Here  is  one  of  the  classic 
sections  in  the  county,  but  it  is  of  little  economic  importance. 
Only  the  uppermost  beds  have  been  quarried,  two  small  quar- 
ries having  been  opened  north  and  northwest  of  town  on  top 
of  the  bluffs.  The  beds  worked  consist  of  a  yellow,  earthy  lime- 
stone, occurring  in  even  layers  varying  from  two  to  eight  inches 
in  thickness.    Nearly  twenty  feet  is  exposed  in  the  quarry  face. 

At  Jesup  there  are  two  quarries,  one  on  each  side  of  the  cor- 
rection line  road,  one-half  mile  southeast  of  town.  The  north 
quarry  shows  the  following  section: 

JESUP    SECTION.  

FEET. 

6.  Black  loam   1-2 

5.  Lrimestone,  yellow,  broken  and  decayed,  more  or  less  dis- 

turbed    2-3 

4.  Iiimestone,  yellowish,   not  very   fossiliferous,  affords  some 

good  quarry  stone 5 

Z.    Limestone,  soft,  easily  affected  by  the  weather  2 

2.  Limestone  containing  numerous  stromatoporoids  and  true 

corals.    Some  fair  building  stone 6 

1.    Limestone,  fissile,  with  few  fossils 3 


BUCHANAN  COUNTY  101 

The  strata  dip  slightly  toward  the  east  and  are  somewhat 
contorted.  At  the  quarry  sonth  of  the  road  the  upper  beds  are 
worked  and  dip  sUghtly  to  the  south.  The  beds  quarried  at 
Quasqueton  are  very  similar  to  those  exposed  at  this  point. 

Several  small  quarries  have  been  opened  along  Lime  creek 
in  the  vicinity  of  Brandon  and  for  several  miles  to  the  northeast. 
Just  south  of  Brandon  near  the  north  line  of  section  a4  the 
following  section  is  exposed: 


J  aecTioN. 

.  Limestone,  solt,  grading  up  into  yellow  shale,  whicb  carries 

slllclfled  brachlopod   individuals    S 

Coral    reet    consisting  ot    Acervularla,    PavOBltes,    Ftycho- 

phyllum  and  other  corals  1 

Limestone,  evenly  bedded,  with  few  fossils  or  none 4 

Limestone,  regularly  bedded,  and  capable  ol  being  quarried. 
In  layers  from  two  to  six  Incbea  In  thickness,  the  thinner 
beds  serving  well  as  flagging 4 
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While  the  Devonian  is  capable  of  supplying  an  indefinite 
amount  of  fairly  good  material  suitable  for  road  and  concrete 
work,  bat  little  quarrying  has  been  done,  and  that  for  local 
use  only. 


-r— — 

^^■^»,>j5^^^5fi<»* 

1^51^ 

■^pli 

Fia,   13 — Towao   bowlders,   mostlr  granitoid   and  Knelssoid.   plied   along  tence   c 

section  9,   Fairbanks   township.   Buchanan  cou"—      ""*—  - — "• "— ■  " 

cellent  material  foe  crushed  stone  products. 


The  bowlder 
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BUENA  VISTA  COUNTY. 
Sand  and  G&ayeu 

The  sand  and  gravel  deposits  of  Buena  Vista  county,  like 
those  of  the  other  counties  along  the  border  of  the  Wisconsin 
drift  sheet,  are  of  two  kinds,  outwash  gravels,  in  this  case  oc- 
curring as  stream  terraces,  and  beds  in  the  mounds  and  hum- 
mocks of  the  drift  area. 

Stream  Terraces. — Just  as  is  the  case  in  Clay  and  Cherokee 
counties  the  gravel  terraces  along  little  Sioux  river  are  of  out- 
standing prominence.  The  approach  of  the  moraine  at  Gillett 
Grove  in  Clay  county  seems  to  have  added  new  material  to  that 
deposited  in  the  river  bed  from  sources  farther  north,  and 
from  this  point  southward  high  gravels  appear  at  intervals 
capping  jutting  Mils  of  drift.  They  appear  kamelike,  but  in 
Herdland  township  (Clay  county),  especially  in  sections  16,  21, 
22,  27,  34  and  33,  and  in  section  4  of  Lee  township,  Buena  Vista, 
the  bench  is  such  on  the  east  side  of  the  river  as  to  leave  no 
question  as  to  its  being  a  remnant  of  a  high  terrace  twenty-five 
to  thirty-five  feet  above  water.  Gravels  are  taken  out  in  the 
road  on  the  west  side  of  section  4,  Lee  township.  These  are 
in  part  very  coarse  and  somewhat  dirty,  but  good  material  is 
found  in  places.  The  low  terrace  which  is  continuous  all  along 
the  river  in  Clay  county  persists  at  intervals  here  as  it  does 
farther  north. 

From  Sioux  Bapids  west  there  appears  another  series  of  ter- 
races now  on  one  side  (the  concave  side  of  the  river  curves), 
now  on  the  other.  The  town  of  Sioux  Eapids  is  built  on  these 
terrace  gravels.  In  sections  1  and  2,  Barnes  township,  they 
are  on  the  north  side,  failing  where  the  river  crooks  into  Clay 
county,  and  appearing  again  at  Linn  Grove. 

At  Sioux  Bapids,  and  especially  is  it  noticeable  in  sections 
1  and  2  of  Barnes  township,  there  are  three  terraces,  the  highest 
forty  to  fifty  feet  above  the  river.  Often  these  benches  are 
little  else  than  drift,  but  vary  from  this  through  a  bare  veneer 
or  capping  of  gravel  to  vast  beds  of  great  depith.  The  latter 
is  the  case  at  Sioux  Bapids  and  again  north  of  Linn  Grove, 
where  pits  are  opened  along  the  roads  in  section  5.    Fifteen  to 
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eighteen  feet  are  in  view,  varying  from  bowldery  and  coarse 
above,  to  fine  clean  gravel  with  depth. 

At  Sioux  Eapids  the  upper  bench  gravels  are  opened  for  city 
and  road  use  near  the  Minneapolis  &  St.  Louis  depot  in  the 
northeast  part  of  town.  Fifteen  feet  of  gravel  are  in  sight  here 
under  one  and  one-half  feet  of  soil.  The  top  two  and  a  half 
feet  are  iron-stained,  bowlders  large,  up  to  a  foot  or  so  in 
diameter.  The  granites  are  badly  rotted.  Below  this  is  bright, 
moderately  coarse  gravel  as  a  rule  containing  considerable 
amounts  of  fine  brownish  clayey  matter  throughout.  There  is 
very  little  clean  sand  in  this  bank.  This  material  is  being  used 
on  the  road  to  the  northeast,  the  same  being  in  excellent  con- 
jdition  for  miles. 

Brooke  creek  heads  in  a  long  depression,  mapped  by  Macbride 
as  alluvium,  but  little  else  than  an  old  glacial  pond  with  drift 
immediately  below.  Through  northeast  Elk  township  it  is  an 
erosively  active  stream  and  has  cut  deeply  into  the  drift.  There 
are  no  gravels  except  gravelly  drift.  Through  Brooke  town- 
ship it  has  channelled  its  way  100  feet  or  more  as  it  approaches 
the  Sioux.  In  section  36  and  even  in  northeastern  Elk  town- 
ship it  begins  to  show  signs  of  gravel  and  of  a  terrace.  They 
are  conspicuous  in  sections  35,  26  and  25  and  become  even  more 
conspicuous  down  the  stream.  In  the  sections  last  named  are 
two  benches,  one  very  largely  gravel  ten  to  fifteen  feet  above 
the  water.  This  has  been  opened  on  a  side  branch  in  northeast 
section  35.  The  gravel  is  good;  and  there  are  vast  quantities 
of  it.  Here  also  thirty  feet  or  so  above  water  is  a  marked  drift 
terrace,  usually  gravel  or  sand  capped,  which  blends  with  the 
high  terrace  on  the  river.  Gravels  of  this  bench  are  seen  in 
the  road  between  sections  25  and  36  of  Brooke  township. 

Eaccoon  river  meanders  through  a  narrow  alluvial  valley 
which  narrows  to  zero  where  in  southeast  Grant  township  it  has 
incised  its  way  into  hills  of  new  drift.  At  the  edge  of  Grant 
and  Providence  townships  these  hills  are  sharp  and  a  good 
exposure  is  seen  along  the  river.  Usually  there  is  only  drift, 
but  some  sorted  materials  are  present.  There  are  pits  in  the 
road  both  east  and  west  of  the  river  on  the  south  side  of  section 
36,  Grant  township.    After  breaking  through  a  range  of  hills 


BUBNA  VISTA  COUNTY  105 

liero  the  topography  is  milder  to  the  union  of  Storm  lake  outlet 
sontliwest  of  Newell.  Here  again  the  Raccoon  river  has  an 
allix^v^al  valley. 

TJote  outlet  of  Storm  lake  is  a  considerable  stream,  and  eon- 
trib'i^ites  largely  to  the  Raccoon.  It  winds  its  way  through  drift 
hills^  and  in  places  along  its  course  has  put  down  beds  of  impure 
gra^v^el  and,  in  its  channel,  sand,  that  are  highly  serviceable 
on  iroads  and  for  other  purposes  locally.  Such  a  gravel  bed 
appears  and  is  used  in  southeast  section  21,  Providence  township. 

Jlfforainal  Deposits. — The  margin  of  the  Wisconsin  drift  sheet 
in  loAva,  known  as  the  Altamont  moraine,  passes  through  Buena 
V^ist^i  county  in  an  almost  due  north  and  south  direction.  The 
iaora.ine  crosses  the  southern  boundary  of  the  county  at  the 
son tli  east  comer  of  Hayes  township,  proceeds  thence  in  an  al- 
ttiost  straight  line  to  the  northwest  corner  of  Washington  town- 
s^P,  then  follows  the  eastern  boundary  of  Elk  and  Brooke 
toMrn  ships  almost  to  the  Little  Sioux,  and  borders  thai  stream 
^^  tixe  south  side  leaving  the  county  again  a  few  miles  north- 
east of  Sioux  Rapids.  The  relation  of  the  river  to  the  drift 
^^^^  as  mapped  by  Macbride  would  seem  to  indicate  that  the 
^OTTMx^T  had  been  pushed  from  its  course  by  the  advance  of  the 
■"^^^   and  forced  to  seek  a  new  channel. 

In    Buena  Vista  county  the  distinguishing  characters  of  the 
^^^t,    are  far  more  distinct  than  is  usual  in  this  part  of  the 

Over  the  Wisconsin  area  ranges  of  low  hummocks  are 
on,  all  being  very  gravelly  drift  with  occasional  masses 
^^    <^lean  sand  and  gravel.    The  former  affords  fair  road  mate- 
the  latter  excellent,  and  both  have  been  sought  out  and 
quite  generally  on  the  highways. 

southeast  2,  Barnes  township,  on  a  hilltop  120  feet  above 
"^ater  in  Little  Sioux  is  a  pit  from  which  clean,  fine  sand 
^:scellent  quality  is  obtained  under  a  few  feet  of  good  fine- 
^^^^^ed  gravel.    It  is  near  the  top  of  an  enormous  mass  of  drift, 
^^"d  appears  to  be  a  local  pocket  and  to  have  no  relation  to  the 
river  terraces.    There  are  also  sand  and  gravel  beds  on  a  hilltop 
north  of  Sioux  Rapids  in  section  1  of  the  above  township.    Serv- 
iceable gravels  were  also  observed  in  southwest  29,  Barnes  town- 
ship, and  northwest  31  and  southwest  1  of  Sooti  township.    Sand 


I 
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and  fine  gravel  from  the  latter  pit  are  used  in  Rembrandt  for 
all  kinds  of  cement  work. 

A  notable  chain  of  hillocks,  often  sharp  and  pointed,  extends 
west  from  Rembrandt  and  then  turns  sharply  south,  continuing 
with  spurs  to  the  east,  to  Storm  Lake*  These  are  often  very 
gravelly  where  dissected  in  roads,  and  frequently  contain  good 
gravel. 

Northeastward  from  Storm  Lake  the  country  becomes 
knobby;  not  rugged  but  low  round  and  elongated  hills,  always 
gravelly  and  sometimes  exhibiting  both  gravel  and  sand.  These 
hills  have  been  opened  in  northwest  1,  Hayes;  southwest  20, 
Grant;  and  south  14  and  southwest  27,  Washington  township. 
Gravel  from  the  latter  two  openings  is  now  being  hauled  to 
Storm  Lake. 

The  eastern  two-thirds  of  the  county  is  all  Wisconsin  drift. 
It  is  impossible  to  predict  with  any  degree  of  accuracy  the  pres- 
ence of  gravel  and  sand  in  the  knobs  and  hummocks  of  the  Wis- 
consin drift  area. 

MiscellaneoVrS. — ^Within  the  area  of  the  older  (Kansan)  drift 
in  the  western  third  of  the  county  some  deposits  of  sand  and 
gravel  have  been  found.  Notable  among  these  is  a  sharp  knob 
four  miles  south  of  Alta,  at  the  corner  of  sections  10,  11,  14 
and  15  of  Maple  Valley  township.  From  this  place  much  ma- 
terial has  been  and  is  being  taken.  The  top  few  feet  here  are 
dirty  and  much  iron-stained,  with  numerous  granite  bowlders 
so  disintegrated  that  they  cleave  with  the  shovel  or  break  even 
with  the  matrix,  so  soft  are  they.  Below  is  firm  gravel  and 
sand.  This  is  dirty  and  not  fit  for  cement  work  but  is  excellent 
for  roads,  to  which  latter  the  condition  of  the  north  and  south 
road  here  attests.  There  is  no  loess  here;  all  is  gravel  to  the 
very  grass. 

South  of  the  Little  Maple  through  Maple  Valley  township 
is  a  more  or  less  conspicuous  range  of  somewhat  sharp-pointed 
hills  l^oding  on  into  Diamond  township  in  Cherokee  county. 
Many  of  these  are  so  gravelly  at  the  surface  as  to  be  unfit  for 
cultivation  and  they  sometimes  run  into  pockets  of  gravel  and 
saiid.  Where,  seen  in  road  cuts  they  are  a  very  gravelly  yellow 
till,  especially  notable  at  and  south  of  Hanover  in  sections  19 
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and  20,  and  an  especial  prominence  near  the  northeast  comer 
of  section  25  of  Diamond  township,  Cherokee  county.. 

The  beaches  at  the  east  end  of  Storm  lake  furnish  some  ma- 
terial  for  building  and  concrete  purposes  in  the  town.  A  good 
quality  of  building  sand,  but  somewhat  dirty,  is  obtained  here. 

BUTLER  COUNTY. 
Sand  and  Gravel. 

As  in  several  counties  near  to  and  adjoining  Butler,  the 
-Bochanan  gravels  have  a  wide  distribution.    Both  phases  (see 
report  on  Buchanan  county)  are  extensively  developed.    All  the 
Istrger  streams  and  many  of  their  tributaries  have  wide  valleys 
larg'ely  filled  with  gravel,  and  deposits  of  the  upland  type  are 
encountered  in  road  cuts  and  other  shallow  excavations  practi- 
cally everywhere. 

T^€Mey  Phase. — ^Along  the  three  principal  streams  of  the 
coiixity — the  Shell  Kock,  West  Fork  of  Cedar  river  and  Beaver 
cr^^Ji — extensive  valley  trains  are  prominent,  often  to  a  depth 
of  ttiirty  feet  or  more.  The  larger  tributaries  of  these  streams 
ha."v^^  similar  deposits  on  a  smaller  scale. 

"V^^Uey  trains  of  gravel  appear  along  Shell  Rock  river  within 
its  r^rst  mile  in  the  county.  Mr.  P.  H.  Green  has  a  pit  just 
nox-^la  of  the  town  of  Greene  and  on  the  west  bank  of  the  river 
wl^ic^li  shows  the  following  section: 


Son %-i 

Gravel,  coarse   2% 

Gravel,  fine  and  cross-bedded  3 

Gravel,  coarse,  cross-bedded,  and  containing  some  fine  sand...      7 

€  terrace  has  an  area  of  about  twenty  acres.    Across  the 
^^^x*  Mr.  J.  W.  Butler  has  a  pit  showing  the  following  strata: 


Soil 2 

Molding  sand    « .      3^ 

YeUow  clay   3-4 

Blue  clay  1-1% 

Gravel  and  sand,  cross-bedded  24 
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A  well  close  by  did  not  reach  the  lower  limit  of  the  gravel 
at  a  depth  of  sixty-five  feet.  There  are  a  few  similar  pits  south- 
east of  Greene. 

,  A  gravel  pit  extensively  used  by  the  Chicago  Great  Western 
Eailway  just  northwest  of  Clarksville  has  been  excavated  to 
the  depth  of  ten  or  twelve  feet  below  the  soil,  which  here  is 
about  two  feet  thick.  The  lower  six  or  eight  feet  are  cross- 
bedded,  the  grades  running  from  a  coarse  sand  to  a  coarse 
gravel  containing  pebbles  and  cobbles  from  two  to  five  inches 
in  diameter.  In  addition  to  pebbles  of  the  usual  kind  there 
are  iron  nodules  and  numerous  limestone  fragments. 

The  Illinois  Central  Railroad  has  a  pit  in  section  23  of  Wash- 
ington township  where  an  area  of  about  five  acres  has  been 
excavated  to  water  level,  a  depth  of  eight  or  ten  feet.  At 
present  this  pit  supplies  gravel  for  the  manufacture  of  cement 
blocks. 

The  following  is  a  typical  section  for  other  pits  along  Beaver 
creek : 

FEET. 
Soil     i2 

Soil  and  gravel    1 

Fine  sand  and  some  fine  gravel   1 

Fine  gravel    2 

Fine  sand,  some  gravel    1 

Fine  gravel,  some  sand   2 

The  three  lower  members  are  usually  cross-bedded  and  all 
are  more  or  less  iron-stained. 

Dry  run,  a  tributary  of  the  West  Fork  of  the  Cedar,  h^s 
large  deposits  along  its  course,  the  following  being  a  gener- 
alized section:  \ 

FEET. 
Soil 1-3 

Gravel,  fine  to  coarse,  some  clay   2-3 

Sand,  coarse  to  fine,  some  gravel    

These  deposits  have  smaller  pebbles  than  river  deposits  and 
their  area  will  aggregate  two  to  five  acres  per  mile. 

Upland  Phase. — Since  these  deposits  were  superficial  until 
covered  by  the  lowan  drift  or  loess,  they  appear  to  be  much  older 
than  contemporaneous  deposits  of  the  valley  phase  which  were 
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/d.  ^  covered  and  in  which,  therefore,  oxidation  was  greatly 


re- 


e  pit  in  section  30  of  Pittsfield  township  belonging  to  Mr. 
T,  H.  Ahrens  is  one  of  the  most  important  of  this  type  in  the 
coiixxty.    The  section  is  as  follows: 

FEET. 

Son.  pebbly 1-2 

Gravel,  coarse,  some  cobbles  up  to  six  Inches  in  diameter,  large 
and  small  pebbles  in  same  stratum 4—6 

Qravel,  coarse,  but  finer  than  that  above,  stratified,  a  few  inches 

very  fine,  with  some  sand 2-3 

Gravel,  coarse,  but  some  fine  with  cobbles  up  to  eight  inches 

to  bottom  of  pit 4 


granite  pebbles  are  often  completely  disintegrated,  espe- 
cially^ in  the  lower  part.  In  places  this  pit  is  eighteen  feet  deep, 
and  several  acres  will  probably  produce  a  good  yield  if  opened. 
A  similar  deposit  has  been  opened  in  section  9  of  Madison 
towrr^  ship. 

MIxr.  William  Hites  has  eight  acres  of  gravel  at  the  surface 
in  s^K^tion  15  of  Ripley  township.  Other  deposits  are  located 
in  sec»tion  36  of  Jackson  township,  27  of  Fremont,  section  1  of 
Bennezette,  and  in  the  vicinity  of  Allison. 

Stone. 

rh-^  Devonian  is  believed  to  immediately  underlie  the  drift 
over  xiearly,  if  not  all  of  the  county.  Stone  crops  appear  along 
the  x>i4ncipal  streams  at  numerous  points,  especially  along  Shell 
Koelc  xiver  and  its  immediate  tributaries.  Outcrops  may  be  no- 
Ijced  »long  the  Illinois  Central  between  Ackley  and  Austinville ; 
alon^-  the  North  Western  between  Kesley  and  Dumont;  along 
the  Q-x-eat  Western  between  Dumont  and  Bristow,  and  from  near 
Claris: sville  to  Shell  Kock  and  beyond. 

S^t^xv^een  Dumont  and  Bristow  some  quarrying  tias  been  done. 

The     ^tone  may  be  seen  in  street  crossings  and  foundations  in 

botlx     Dumont  and  Bristow.     The  beds  range  from  six  to  ten 

luetics  in  thickness  and  can  be  taken  out  in  almost  any  length 

aivi  ^v^dth.    AH  of  the  stone  is  hard  and  compact  and  splendidly 

aAWPted  to  crushed,  stone  purposes.    The  quarries  are  not  in 

Q^^Tation  at  present. . 
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Along  Shell  Rock  river  small  openings  appear  in  the  bluff 
on  the  east  side  of  the  river  and  a  small  quarry  is  being  oper- 
ated about  three  and  one-half  miles  northwest  of  Clarksville. 
The  section  exposed  in  the  pit  is  as  follows : 


3.    Soil  and  drift  ot  Tarlable  thickness  1-3 

i.    Llmeatone,  fellow  to  brown,  magneslBn  to  dolomltic,  in  thin 

layers,  evenly  bedded   6 

1.  Limestone,  wbite  to  gray,  hard,  brittle,  evenly  bedded,  com- 
pact to  lithosrapblc :  certain  of  the  layers  show  fossils  in 
.  weathered  aurfaces  but  these  are  firmly  bedded  and  do  not 
Hhow  In  fresh  (racturea,  exposed  7 

The  beds  exposed  here  are  very  similar  to  those  which  are 
exposed  at  Marble  Rock  in  Floyd  county  and  correspond  to  the 
two  lower  members  in  the  section  at  that  place.  Equivalent 
beds  are,  however,  somewhat  thinner  and  the  shaly  partings  are 
rather  more  pronounced,  perhaps  due  to  more  advanced  weather- 
ing. The  brecciated  layer  near  the  top  of  the  white  limestone 
is  equally  as  prominent  as  in  the  Marble  Rock  section.  Good 
material  is  available  in  the  small  quarries  east  of  Clarksville. 
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The  W,  H.  Moore  quarry  may  be  considered  representative.    A 
similar  sequence  may  be  made  out  in  the  openings  near  Greene. 

The  Charles  Matthews  quarry  is  located  in  the  northern  part 
of  the  town  of  Greene  east  of  the  railroad.  About  twenty  feet 
of  limestone  somewhat  variable  texturally  and  structurally  with 
occasional  thin  shale  and  clay  partings  comprise  the  quarry 
section.  The  limestone  beds  are  predominantly  hard  and  com- 
pact and  well  adapted  for  crushed  stone  purposes.  The  strip- 
ping is  light  and  several  acres  are  easily  available  at  this  place. 

Southeast  of  Greene  limestone  outcrops  continue,  the  stone 
is  of  good  quality  and  considerable  quantities  are  obtainable 
at  small  expense.  Small  quarries  have  been  opened  near  Shell 
Eock.  Both  white  limestone  and  the  dolomitic  layers  have  been 
used  quite  generally  throughout  the  eastern  portion  of  the 
county  for  foundation  purposes  and  formerly  for  the  walls 
of  some  of  the  less  important  buildings.  Both,  when  properly 
selected,  give  good  service  and  appear  to  be  fairly  durable. 

The  limestone  has  also  been  used  for  flagging;  blocks  six  to 
ten  inches  in  thickness  and  of  almost  any  dimensions  in  length 
and  breadth  can  be  obtained  quite  readily.  The  white  lime- 
stone throughout  is  very  hard  and  compact  and  admirably 
adapted  for  crushed  stone  purposes.  The  stone  can  be  obtained 
at  several  places  without  much  stripping  but  as  yet  the  industry 
can  scarcely  be  said  to  have  been  started. 

CALHOUN  COUNTY. 
Sand  and  Gkavel. 

The  supplies  of  sand  and  gravel  in  Calhoun  county  are  de- 
rived from  two  sources,  terraces  along  the  streams,  and  pockets 
in  and  cappings  on  the  Wisconsin  drift  hills. 

Stream  Terraces. — ^Raccoon  river  crosses  the  southwest  comer 
of  the  county,  cutting  diagonally  across  Jackson  township.  A 
low  gravel  terrace,  indistinct  in  places,  entirely  absent  in  others, 
can  be  followed  along  its  whole  course  within  the  county.  A 
bend  in  the  river  has  exposed  the  gravels  at  the  bridge  near 
the  center  of  section  25,  Jackson  township.  The  gravels  which 
are  exposed  here  are  plainly  of  two  generations.    The  lower. 
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the  top  of  which  is  some  ten  feet  above  water,  is  so  old  that 
its  pebbles  have  all  broken  down,  and  nothing  is  left  bnt  a  deep 
red  coarse  sand.  Besting  on  this  old  material  and  separated 
distinctly  from  it  are  some  six  feet  of  fine,  clean,  sharp  sand. 
Above  the  sand  are.  a  few  inches  of  dirty  gravel,  covered  by  a 
foot  or  so  of  alluvium. 

A  few  hundred  yards  north  and  east  of  the  bridge  men- 
tioned above  is  a  small  pit  a  short  distance  back  from  the 
road.  The  material  exposed  is  somewhat  similar  to  that  at 
the  bridge,  but  has  a  considerably  larger  proportion  of  gravel. 
On  the  north  side  of  the  river  at  least  as  far  west  as  the  junc- 
tion of  Lake  creek  the  river  ''bottoms^'  will  average  from  a 
quarter  to  a  half  mile  in  width,  and  farmers  along  the  river 
report  finding  gravel  and  sand  practically  all  over  it  at  depths 
varying  from  eighteen  inches  to  three  or  four  feet.  The  river 
exposes  the  gravels  in  several  places  along  its  banks  in  sections 
25  and  26.  An  open  pit  in  this  low  bench  is  located  near  the 
middle  of  section  36,  on  the  west  side  of  the  river. 

Just  west  of  the  bridge  over  Lake  creek  in  east  section  22, 
Jackson  township,  is  a  small  open  pit  on  the  edge  of  this  same 
bench,  in  which  there  are  exposed  about  six  feet  of  somewhat 
coarse,  iron-stained,  water-laid  gravel  under  one  to  two  feet 
of  alluvium.  Many  pebbles  up  to  six  or  eight  inches  in  diameter 
are  to  be  found,  but  the.  large  majority  are  not  over  three  or 
four  inches.  Probably  six  or  eight  acres  are  available.  An 
opening  of  quite  similar  material  may  be  s^en  at  the  corner 
of  the  roads  in  east  section  21.  The  cover  is  deeper  here,  and 
the  available  area  is  not  to  exceed  one  or  two  acres. 

Farther  up  the  river  the  bench  becomes  less  and  less  easy 
to  follow,  and  seems  to  merge  into  the  flood  plain  of  the  present 
stream  in  the  vicinity  of  the  Sac  county  line.  Although  the 
same  or  similar  gravels  and  sands  may  be  present  they  are 
'Covered  with  alluvium  so  deeply  that  pits  have  not  been  opened. 

Lake  and  Prairie  creeks  have  low  terraces  which  have  been 
opened  in  a  few  places.  Near  the  crossroads  at  the  east  quarter- 
comer  of  section  10,  Jackson  township,  the  bench  along  the 
latter  has  been  opened  and  a  considerable  amount  of  the  ma- 
terials removed.    This  opening  shows  very  coarse,  unassorted. 
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slightly  iron-stained  gravel  under  one  to  two  feet  of  soil.  The 
gravel  is  very  coarse  and  dirty  and  would  probably  have  to  be 
screened  even  for  road  purposes.  The  bench  here  is  only  six  to 
eight  feet  above  water  in  the  creek,  and  will  average  perhaps 
a  hundred  yards  wide  for  a  quarter  of  a  mile  to  the  northeast. 
The  same  material  shows  along  the  creek  south  of  the  road 
and  also  west  of  the  bridge  at  the  south  quarter-corner  of  sec- 
tion 10.  Another  pit  is  now  open  in  a  piece  of  this  same  bench 
on  the  east  side  of  the  river  in  west  section  15,  Jackson.  The 
material  here  differs  from  that  exposed  in  section  10  in  that 
it  is  much  finer  throughout  and  cross-bedding  is  noticeable, 
whereas  that  in  the  latter  place,  as  noted  before,  is  coarse  and 
unassorted.  There  are  some  five  feet  exposed,  and  perhaps  a 
total  of  two  acres  or  so  might  prove  available. 


FIO.     IE— O  ravel    pit 


The  supply  of  sand  and  gravel  for  the  town  of  Lake  City 
comes  from  a  pit  on  a  bench  of  Lake  creek  in  the  northern  part 
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of  section  7,  Calhoun  township.  Several  acres  of  the  material 
have  been  removed  and  large  quantities  are  still  available.  The 
pit  section  is : 


AUuTium    1-2 

Gravel,  earthy,  with  some  cobblestones  2 

Sand  and  gravel,  clean  6 

This  terrace  continues  intermittently  down  the  creek  to  its 
junction  with  Baccoon  river. 

East  and  northeast  of  Lohrville  a  few  stray  remnants  of  a 
low  terrace  along  Cedar  creek  may  be  seen.  Perhaps  the  most 
prominent  one  of  these  is  that  which  the  road  cuts  into  slightly 
near  the  southwest  corner  of  section  6,  Beading  township.  The 
top  of  the  bench  here  is  about  twelve  feet  above  water.  Where 
the  road  cuts  into  it  there  is  exposed  a  fine  to  medium  gravel 
which  is  dirty  and  somewhat  iron-stained.  The  pebbles  are 
limestone,  greenstone,  granite,  shale  and  some  quartz,  and  some 
of  them  run  up  to  three  inches  in  diameter.  There  is  an  acre 
or  so  of  available  material  under  one  and  a  half  to  two  feet 
of  cover. 

Several  small  pieces  of  the  same  terrace  may  be  seen  near 
the  for^s  of  Cedar  creek  in  southeast  section  31,  Cedar  town- 
ship, and  a  small  amount  of  gravel  has  been  removed  from  one 
of  them  on  the  south  side  of  the  road  just  below  the  fork.  Above 
the  fork  the  bench  is  not  prominent  along  either  stream  and 
while  small  pieces  of  it  may  be  present  it  is  quite  certain  that 
deposits  suitable  for  more  than  local  use  will  not  be  found. 

Along  Cedar  creek  from  Lohrville  to  its  union  with  Raccoon 
river  in  Greene  county  there  are  no  gravels  of  any  importance. 
The  creek  flows  through  a  narrow  valley  in  Wisconsin  drift 
bills  which  becomes  deeper  and  sharper  down  the  stream.  No 
signs  of  the  low  terrace  above  Lohrville  are  to  be  seen  along 
this  portion  of  the  creek.  The  total  absence  of  gravel  on  the 
roads  in  this  portion  of  the  county  presents  a  marked  contrast 
to  the  condition  of  the  highways  in  other  parts  of  this  and  other 
counties  within  the  Wisconsin  drift  area. 

Along  Purgatory  creek  there  is  a  gravel  terrace  which  is 
not  at  all  conspicuous  but  which  may  be  seen  in  sections  9  and 
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10  of  Union  town&hip.    There  are  two  pits  here  which  have  not 
been  recently  worked  but  which  indicate  the  presence  of  gravel. 

Upland  Deposits. — Calhoun  county  lies  wholly  within  the  area 
covered  by  the  Des  Moines  lobe  of  the  Wisconsin  ice.  The 
whole  surface  of  this  drift  area  is  thickly  dotted  with  more  or 
less  rounded  knobs  and  ridges,  known  to  the  geologist  as  kames 
and  eskers.  Sometimes  these  hummocks  are  composed  entirely 
of  sand  and  gravel ;  again  these  water-deposited  materials  form 
cappings  on  or  pockets  within  the  drift  clays ;  and  quite  as  often 
gravels  are  entirely  absent.  In  Calhoun  county  gravel  deposits 
of  this  nature  are  reported  in  practically  every  township.  Those 
occurring  in  section  3,  Beading,  section  24,  Twin  Lake,  section 
11,  Lake  Creek  and  section  11,  Sherman  townships  may  be  cited 
as  being  representative  of  this  type.  No  definite  predictions  as 
to  the  possibility  of  finding  gravel  in  any  particular  place  can, 
of  course,  be  made,  but  it  is  safe  to  say  that  a  little  careful  pros- 
pecting in  the  vicinity  of  highway  and  bridge  improvements  is 
likely  to  lead  to  discoveries  which  may  considerably  reduce  the 
cost  of  materials  for  such  work. 

Reworked  Materials. — Sand  and  gravel  beds  and  bars  are  to 
be  found  in  many  of  the  streams  of  Calhoun  county.  Baccoon 
river  is  particularly  noteworthy  in  this  respect,  and  many  an- 
other smaller  stream  will  furnish  quantities  that  are  usable 
locally  in  a  small  way.  These  materials  vary  greatly  in  both 
quantity  and  quality,  and  are  not  to  be  depended  upon  for  work 
of  any  size  and  importance. 

Stons. 

Imperfectly  indurated  beds  belonging  to  the  Cretaceous  are 
known  to  outcrop  along  Lake  creek,  about  one  and  one-half 
miles  northwest  of  Lake  City.  Similar  beds  are  reported  to 
outcrop  along  North  Baccoon  river  in  the  southwestern  portion 
of  the  county.  Near  the  plant  of  the  Lake  City  Brick  and  Tile 
Company,  the  following  section  may  be  observed : 
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FEET. 

5.    Drift  and  wash   10 

4.    Shale,  somewhat  fissile,  grayish  blue  to  dark  blue,  dries  a 
light  gray-blue  4 

3.  Sandstone,  friable,  in  three  ledges  of  about  equal  thickness; 
the  lower  ledge  ferruginous  and  concretionary;  the  middle 
layer  unindurated,  white;  the  top  layer  stained  a  variable 
yellow    2 

2.    Shale,  clayey,  mixed,  not  laminated ;  variable  7 

1.    Sandstone,  ferruginous  and  concretionary,  exposed  above  bed 

of  creek 5- 

Only  the  concretionary  portions  of  the  sandstones  are  suffi- 
ciently indurated  for  structural  purposes  and  none  of  the  beds 
exposed  are  suitable  for  crushed  stone  purposes  when  viewed 
both  quantitatively  and  qualitatively. 

CARROLL  COUNTY. 

I 

Sand  and  Gravel. 

The  gravel  and  sand  deposits  of  Carroll  county,'  as  is  true 
with  many  another  which  lies  upon  or  within  the  edge  of  the 
Wisconsin  drift  sheet,  are  of  two  main  types,  viz.,  gravel  trains 
along  the  streams,  and  beds  and  pockets  in  the  drift  hills.  The 
Altamont  moraine,  which  bounds  the  area  of  this  latest  sheet  of 
drift,  crosses  the  county  in  a  northwest-southeast  direction  and 
divides  it  diagonally  into  two  almost  equal  parts,  the  surface 
to  the  east  of  the  dividing  line  being  Wisconsin  and  that  to  the 
west  loess-covered  Kansan. 

Stream  Terraces. — Terraces  and  plains  of  outwash  materials 
from  the  melting  ice  are  about  as  poorly  developed  in  Carroll 
as  in  any  county  having  a  similar  situation  in  regard  to  the 
moraine.  With  the  exception  of  North  Raccoon  river,  some  ten 
or  twelve  miles  of  whose  course  lies  within  the  county  and  which 
is  terraced  throughout  practically  all  of  its  length  from  Sac 
county  to  where  it  joins  Des  Moines  river  in  Polk,  there  are 
no  gravel  benches  of  any  particular  prominence  within  the 
county. 

In  section  17  of  Jasper  township,  about  two  miles  southwest 
of  Lanesboro,  the  Lanesboro  Cement  Tile  Company  is  removing 
sand  and  gravel  from  a  bench  on  the  north  side  of  Raccoon 
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river*-     Several  feet  of  coarse  gravel  were  removed  over  a  tract 
tweTL^y  or  twenty-five  acres  in  extent  by  the  Chicago  Great  West- 
ern BCailroad  at  the  time  its  line  was  built  some  ten  or  twelve 
year^  ago.    The  gravel  grades  to  sand  below  which  in  turn  rests 
on  gxr^vel.    The  present  company  uses  a  centrifugal  pump  and  is 
vorlojiig  below  the  level  of  the  water  in  the  river.    Beside  what 
is  as^d  in  the  manufacture  of  cement  drain  tile,  screened  and 
wasli^d  sand  and  gravel  is  shipped  throughout  a  wide  territory, 
and   is  used  for  practically  all  purposes.    The  minimum  thick- 
ness   of  the  gravel  as  worked  is  given  at  twenty  feet. 

riiis  terrace  continues  on  down  the  river  to  the  county  line 
ani  tocyond.  In  most  places  it  is  not  prominent,  since  it  rises 
but  SL  few  feet  above  the  narrow  flood  plain  of  the  river.  It  is 
covoi^^d  by  alluvium  which  varies  in  depth  up  to  ten  feet  or 
moro ,  and  has  a  width  between  the  high  bounding  hills  of  drift 
of  on^-half  to  over  a  mile.  Actual  exposures  of  the  gravel  are 
very  few,  but  almost  without  exception  the  farmers  say  that 
wells    in  the  river  bottoms  are  in  gravel  and  sand. 

rixo  conditions  are  practically  the  same  from  the  Lanesboro 
pit  to    the  north  county  line.    Where  the  river  has  cut  into  the 
west   liank  at  the  bridge  on  the  north  line  of  section  7,  Jasper 
townsliip,  some  six  feet  of  sand  grading  downward  into  medium 
^^avel  are  exposed.    A  distinct  wet  line  shows  its  contact  with 
the  clay  below,  and  it  is  also  sharply  defined  from  the  four  or 
ftve    feet  of  alluvium  which  overlies  it.     The  bench  is  a  half 
tftile  OT  so  in  width  on  the  west  side  of  the  river  at  this  point. 
Along  the  top  of  the  bordering  bluff  on  the  east  side  of  the 
rwer  gravel  and  sand  are  exposed  in  several  places  between 
^^e  southwest  comer  of  section  8,  Jasper  township,  and  the 
Calhoun  county  line.    The  top  of  the  bluff  is  flat,*  and  has  the 
appearance  of  a  huge  terrace.    Beside  the  road  at  the  south- 
west corner  of  section  8,  Jasper  township,  there  is  an  open  pit 
at  the  top  of  the  hill.    The  pit  section  shows  about  three  feet 
of  soil  covering,  then  coarse  dirty  sand  with  fine  dirty  gravel 
below  it,  the  latter  grading  downward  into  sand.     The  depth 
of  cover  increases  rapidly  back  from  the  edge  of  the  opening. 
A  mile  farther  north,  where  the  road  cuts  into  the  hill  on  the 
south  side  of  the  southeast  quarter  of  section  6,  there  are 
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about  three  feet  of  fine  sand,  somewhat  dirty,  resting  upon 
the  drift  day  and  covered  with  a  yellowish  soil  which  is  loess- 
like  in  appearance.  Again,  on  the  edge  of  the  same  high  bench 
along  the  road  near  the  middle  of  the  west  side  of  section  5 
is  an  open  pit  from  which  sand  and  gravel  are  now  being  taken. 
This  opening  shows  about  eight  feet  of  cross-bedded  sand  and 
fine  gravel,  somewhat  dirty,  and  much  iron-stained  in  places. 
The  cover  is  up  to  three  feet  in  thickness. 

Along  Purgatory  creek  there  are  to  be  seen  at  a  few  places 
what  appear  to  be  remnants  of  a  low  bench,  but  which  are  not 
at  all  continuous  or  well  defined.  On  the  west  side  of  the  creek 
near  the  middle  of  section  25,  Jasper  township,  there  is  a  small 
pit  in  one  of  these.  The  top  is  about  eighteen  feet  above  water. 
The  pit  shows  dirty  gravel  which  is  much  iron-stained  through- 
out. There  is  only  a  small  amount  of  it  here,  but  sufficient  to 
be  useful  locally. 

At  the  bridge  over  Purgatory  creek  in  section  1  of  Glidden 
township  coarse,  dirty,  iron-stained  gravel  may  be  seen  beside 
the  road.  About  six  feet  or  more  of  gravel  are  exposed  and 
seem  to  lie  upon  Dakota  sandstone  as  mapped  by  Bain.  The 
latter  is  exposed  along  the  creek  a  few  yards  south  of  the 
bridge.  The  surface  is  flat  over  an  area  of  two  or  three  acres 
on  the  east  side  of  the  creek. 

Along  Middle  Raccoon  river  gravel  trains  are  developed  to 
nowhere  near  the  extent  that  might  be  expected  of  a  stream 
bearing  its  relation  to  the  ice  margin.  The  river  cuts  through 
the  moraine  in  section  26  of  Pleasant  Valley  township  and  runs 
outside  to  section  1  of  Newton  township.  This  portion  of  the 
valley  seems  to  have  been  ponded  by  the  ice  and  formed  a 
temporary  lake.  While  in  this  condition  it  was  filled  up  with 
gravel  to  a  level  sixteen  feet  above  the  "present  stream.  Into 
this  gravel  the  river  has  since  cut  until  the  old  filling  is  now 
represented  by  remnants  of  a  fringing  terrace.  At  Coon  Bap- 
ids,  where  the  drainage  of  the  ice  was  turned  into  the  valley  of 
the  small  stream  from  the  west,  a  gravel  terrace  was  formed, 
and  the  main  part  of  the  town  is  located  on  this  terrace. 
Patches  of  the  same  terrace  can  be  found  along  the  river  valley 
for  some  miles  south  of  town.    The  terrace  at  its  upper  end 
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rises  fifty  feet  above  the  river,  but  to  the  south  it  declines  until 
it  ^entually  reaches  the  level  of  the  flood  plain.  Most  of  the 
pebbles  of  the  gravel  are  hard  and  fresh,  but  some  are  decayed. 
Iron-stained  streaks  are  not  uncommon.  A  section  taken  on 
the  north  side  of  the  railway  pit  at  Coon  Bapids  showed  the 
following  beds : 

FEET. 

4.  Loam,  brown  to  black,  with  a  few  scattered  pebbles %— 2% 

3.  Gravel,  stained,  much  rotted  material,  sharply  limited  below      1 

2.  Gravel,  coarse,  Irregularly  colored  and  bedded   5 

1.  Gravel,  fine,  worked  farther  south  in  the  pit 1+ 

The  gravel  shows  east  of  the  river,  where  the  railway  cut 
crosses  the  small  side  lobes  of  the  bluffs.  This  soon  gives 
place  to  the  unassorted  material  of  the  bowlder  clay,  which 
contains  much  the  same  pebbles  as  are  common  in  the  gravel. 

The  bowlder  clay,  except  where  patches  of  gravel  occur, 
forms  the  surface  material  throughout  the  northeastern  portion 
of  the  county. 

In  the  vicinity  of  Carroll  and  on  down  the  river  to  Pleasant 
Valley  township  gravel  terraces  are  entirely  absent.  The  river 
plain  southeast  of  town  is  but  a  mud  flat  between  bordering 
hills  of  Wisconsin  drift,  and  even  the  bars  in  the  stream  are 
composed  of  mud.  A  drainage  ditch  some  twelve  to  fifteen 
feet  deep  is  now  being  dug  to  straighten  the  channel  of  the 
stream,  and  this  excavation  has  revealed  nothing  but  alluvial 
silts  and  clays. 

Glacial  Deposits. — All  of  the  northeastern  half  of  the  county 
is  covered  with  Wisconsin  drift.  The  hills  and  ridges  of  this 
area  are  often  composed  largely  of  gravel,  ofttimes  containing 
water-laid  materials  as  pockets  and  lenses.  A  good  example 
of  gravel  deposits  of  this  type  is  the  pit  on  '/Mount  Moses," 
a  huge  esker  in  section  13  of  Carroll  township,  northwest  of 
Carroll.  Other  pits  have  been  opened  in  sections  18,  20  and 
30,  Grant;  sections  13  and  24,  Glidden;  sections  1,  12  and  24, 
Jasper  townships,  etc.  In  many  places  along  Purgatory  creek 
tributary  rivulets  and  gullies  have  exposed  sands  in  the  bor- 
dering hills.  This  is  particularly  noticeable  in  section  36  of 
Jasper  township,  on  the  east  side  of  the  creek.    The  hills  rise 
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some  seventy-five  to  one  hundred '  feet  above  the  stream,  and 
are  deeply  gullied.  Some  of  the  hills  are  gravel  capped,  ^nd 
some  of  the  gullies  show  gravel  and  sand  under  varying  depths 
of  drift.  The  materials  vary  from  coarse  rotten  gravel  to 
fine  sand,  clean  and  white. 

CASS  COUNTY,       , 
Sand  and  Gravel. 

Small  amounts  of  sand  and  gravel  are  obtainable  from  ter- 
races along  Nishnabotna  river  in  the  vicinity  of  Atlantic.  The 
chief  supply  is  obtained  from  a  pit  on  the  farm  of  J.  0.  Fudge, 
about  a  mile  southwest  of  town.  The  pit  is  located  on  the  bank 
of  a  creek  near  its  junction  with  Nishnabotna  river.  The  sand 
at  the  top  is  fine  and  inter  banded  with  clay,  and  immediately 
underlies  a  covering  of  loess  which  varies  in  thickness  from 
three  to  ten  feet.  The  upper  sand  zone  ranges  from  four  to 
ten  feet  in  depth,  and  rests  directly  upon  a  lower  bed  which 
is  considerably  coarser  and  occasionally  carries  clam  shells 
and  bones.  The  beds  throughout  are  variable  in  thickness  and 
continuity. 

The  sand  from  this  pit  has  been  used  for  more  than  a  quar- 
ter of  a  century.  The  pit  was  opened  to  furnish  sand  for  the 
High  School  building,  and  later  was  also  used  in  the  Govern- 
ment building.    The  waste  is  utilized  by  the  city  for  crossings. 

East  of  town  the  Chicago,  Eock  Island  &  Pacific  Eailway  at 
one  time  used  considerable  amounts  of  sand  on  its  road  bed. 
The  pit  from  which  this  material  was  taken,  and  which  is  now 
abandoned,  was  in  a  terrace  about  fifty  feet  above  the  Nish- 
nabotna bottoms.  North  of  Atlantic  the  principal  terrace  of 
the  Nishnabotna  appears  to  be  some  twenty-five  to  thirty  feet 
above  the  flood  plain,  but  is  not  deeply  enough  dissected  to 
show  the  sands  which  probably  are  present. 

At  Lewis  and  vicinity  the  bluffs  are  supported  by  a  soft 
friable  sandstone.  About  a  mile  southeast  of  town  a  pit  has 
been  opened,  from  which  most  of  the  sand  used  for  building 
purposes  is  obtained.  The  bank  shows  a  vertical  exposure  of 
about  thirty  feet  above  the  creek,  a  tributary  of  the  Nishna- 
botna from  the  east,  and  has  no  cover.    The  sand  ranges  in 
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color  from  almost  white  to  various  shades  of  yellow  and  light 
brown.  Certain  ledges  and  spheroidal  masses  are  slightly  in- 
durated, but  on  the  whole  almost  the  entire  section  can  be 
used.  It  becomes  more  firmly  cemented,  however,  toward  the 
northeast.    These  beds  belong  to  the  Cretaceous.     . 

A  large  part  of  the  sand  used  in  the  county  is  shipped  from 
Conunerce,  on  Baccoon  river,  or  from  Platte  river  in  Nebraska. 
The  latter  is  considered  the  better,  and  is  retailed  at  about 
$2.00  per  ton  as  against  $1.60  or  thereabouts  for  the  Raccoon 
river  product.    The  local  material  brings  about  $.75  per  yard. 

Stonic. 

Cass  county  is  as  a  rule  heavily  covered  with  loess  and  drift, 
and  the  indurated  rocks  appear  at  intervals  only  along  the 
larger  waterways  in  the  southern  part  of  the  county.  The 
Missouri  strata  are  known  to  be  overlain  in  part  with  the 
Dakota  sandstones  of  the  Cretaceous. 

Stone  was  formerly  taken  out  at  the  old  Fox  quarries  on  the 
south  bank  of  the  West  Nodaway  in  the  southeast  quarter  of 
section  36,  Noble  township,  and  just  across  the  road  in  section 
31  of  Edna  township.  The  beds  in  these  quarries  belong  to  the 
same  horizon  as  those  exposed  near  Grant  and  described  under 
Montgomery  county,  although  no  accurate  correlations  of  in- 
dividual strata  can  be  made.  The  following  section  is  compiled 
in  large  part  from  the  Geology  of  Montgomery  County:* 

FEET. 

1?.    Soil  and  loess,  heavy  covering. 

12.    Broken  limeertone,  shales  and  residual  clay  2 

11.    Greenish   shale,   iron-stained    4 

10.  Limestone,  light  gray  to  buff,  contains  fossils;  split  by  verti- 
cal joints  into  large  blocks;  two  ledges  separated  by  thin 
band  of  shaly  limestone,  upper  ledge,  2  feet  3  inches,  lower 
1    foot    4    inches    3Vn 

9.    Calcareous  shale,  foesiliferous   1 

8.  Limestone,  subcrystalline,  gray  to  brown,  in  ledges  from  9 
to  14  inches;  where  exposed  for  only  a  few  years,  this  stone 
is  badly  shattered  and  intervening  shaly  bands  separate  it 
into  many  thin  ledges  TV" 

7.     Shale,  calcareous   V« 


'EJ.   U.   Lonsdale,  Iowa  Geo!.   Survey,   Vol.   IV,   pp.    393  and   43B 
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6.  Limestone,  brownltft,  eubcrystalline  to  dull  IVia 

5.  Shale,  In  part  gray,  bltuminouB  in  lower  portion   1% 

4.  Limestone,  dark  gray,  coarse  textured % 

Z.  Shale,  buff  to  gray,  fossiliferous  1V« 

2.  Shale,  variegated,  lower  piu?t  carbonaceous,  micaceous,  and 

splits  into  conchoidal  fragments  2^ 

1.  Limestone. 

At  the  present  time,  no  quarrying  is  done  at  this  point,  and 
the  lower  members  of  the  section,  6  to  1  inclusive,  are  largely 
covered  up.  All  of  the  limestone  ledges  were  used  in  heavy 
masonry  work,  and  blocks  of  nearly  any  desired  dimensions 
were  obtainable.  The  base  of  the  section  is  approximately 
twenty  feet  above  the  river.  Coal  blossom  appears  near  water 
level  in  the  river.  The  location  of  these  quarries  is  favorable 
for  supplying  stone  to  Adams,  Cass  and  Montgomery  counties 
but  their  development  has  been  and  will  be  hindered  by  lack  of 
transportation  facilities  and  by  the  heavy  stripping  required. 

Limestone  and  shale  appear  at  a  few  points  farther  north 
along  the  West  Nodaway  and  its  branches,  but  always  under 
heavy  overburden.  Near  the  southeast  corner  of  section  20, 
Edna  township,  stone  has  been  removed.  The  limestone  beds 
appear  also  at  points  on  Seven  Mile  creek,  notably  near  Galion 
in  Bear  Grove  township. 

On  East  Nishnabotna  river  near  Lewis,  and  on  Turkey  creek, 
its  principal  tributary  from  the  east,  the  Missouri  strata  ap- 
pear in  places.  Stone  has  been  taken  from  the  west  bank  of 
the  river  on  the  farm  of  George  Roberts,  southwest  of  the  town. 
At  present,  there  is  exposed  one  foot  of  light  gray  limestone 
overlying  eight  to  ten  inches  of  yellow  clay  and  soft,  disin- 
tegrated limestone.  The  lower  bed  is  fossiliferous,  and  is  ap- 
proximately thirteen  feet  above  water  in  the  river.  The  ex- 
posure is  covered  with  drift  and  loess  aggregating  fifteen  to 
twenty  feet. 

Two  miles  north  of  Lewis  on  Turkey  creek,  in  the  northwest 
quarter  of  section  1,  Cass  township,  ten  inches  of  blue,  hard, 
partially  crystalline  limestone  outcrop  in  a  ravine  a  few  hun- 
dred feet  back  from  *  *  Rockyf ord,  * '  where  limestone  was  for- 
merly quarried.    In  the  northeast  quarter  of  section  1,  six  feet 
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of  weathered  limestone  are  in  view  in  ravines  leading  into 
Turkey  creek,  in  places  overlain  with  Cretaceous  sandstone  and 
plastic  clays.  Throughout,  all  exposures  in  this  part  of  the 
county  are  covered  with  ten  to  sixty  feet  of  superficial  mate- 
rials, which  renders  utilization  out  of  the  question. 

Although  but  few  exposures  are  known,  the  gravels,  sand- 
stones, and  clays  of  the  Nishnabotna  substage  of  the-  Dakota 
probably  occupy  considerable  areas  in  Cass  county,    The  sand- 
stone is,  as  a  rule,  friable  and  the  grains  are  not  sufficiently 
well  cemented  to  make  it  of  value  for  crushed  stone  purposes. 
Directly  south  of  the  town  of  Lewis  in  section  15  of  Cass  town- 
ship, and  to  the  east  of  the  river,  is  an  outcrop  in  which  the 
sandstone  is  of  a  fairly  firm  texture  and  from  which  large 
amounts  have  been  removed,  to  be  used  locally.    It  is  composed 
largely  of  fine,  even  grains  of  sand,  with  occasional  larger  frag- 
ments of  limestone,  partially  cemented  together  with  iron  oxide. 
Small  mica  scales  are  scattered  through  it.    While  the  stone 
is  tender  and  requires  careful  handling  on  first  exposure,  it 
is  said  to  harden  very  materially  on  drying,  and  With  age.    The 
sandstone  breaks  somewhat  irregularly,  but  as  readily  in  one 
direction  as  in  another.    Eight  to  twelve  feet  of  the  rock  are 
exposed.  So  far  as  known,  this  is  the  only  locality  in  the  county 

^here  the  Dakota  beds  afford  a  quarry  product. 

* 

CEDAR  COUNTY. 
Sand  and  Gravsl. 

a.<i  deposits  of  economic  importance  are  of  two  types, — 

bar    ^:r]d  bank  deposits  in  and  along  the  present  streams,  and 

^xjblo^ssial.     The  first  afford  the  principal  supply.     The  Bu- 

^.\xaic^^:n  gravels  are  known  to  be  present  in  the  county,  but  good 

outcx^ops  are  exceedingly  rare.    Gravel  deposits  easily  available 

and    ^:xtensive  enough  to  be  of  commercial  importance  are  not 

toiO^^vx^  in  the  county. 

Stone.* 

C^^ar  ranks  among  the  first  counties  of  the  state  in  the  value 

oi  "tli^  yearly  output  of  building  stone,  a  pre-eminence  due 

""•^ — 

.r^FQ'essor  Norton's   excellent  write   up   on   Building   Stone   in   his  report  on   the 
O^^^V    of  Cedar  county  has  been   revised  and  used   almost  in   its  entirety. 
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chiefly  to  the  quarries  at  Cedar  Valley.  Formerly  Lime  City 
was  an  important  producer,  but  at  the  present  time,  it  con- 
tributes but  little  to  swell  the  county  total.  Building  stone  of 
excellent  quality  is  found  widely  distributed  over  the  county, 
and  while  the  small  quarries  which  have  been  opened  in  almost 
every  township  do  not  greatly  add  to  the  large  amount  contrib- 
uted by  the  Cedar  Valley  district,  yet  their  value  and  convenience 
to  the  rural  districts  and  neighboring  towns  is  greater  than 
mere  statistics  could  show.  There  is  hardly  a  section  in  the 
county  where  a  farmer  or  townsman  can  not  get  a  load  of  cheap 
good  stone  within  easy  hauling  distance.  Thus  in  Pioneer  town- 
ship there  are  quarries  at  Peet's  mill  and  elsewhere  on  Clear 
creek;  in  Cedar  township  at  Cedar  Bluff  and  two  and  one-half 
miles  north  of  that  village ;  in  Gower  township  at  Cedar  Valley 
and  Plato;  in  Center  at  several  quarries  south  of  Tipton;  in 
Rochester  along  Rock  creek;  in  Iowa  near  Atalissa;  in  Sugar 
Creek  at  Lime  City  and  a  number  of  quarries  north  of  that 
village;  in  Springfield  southwest  of  Lowden;  in  Massilon  along 
the  Wapsipinicon,  and  in  Dayton  township  near  Clarence. 
Nearly  all  of  the  building  stone  quarried  in  the  county  is  fur- 
nished by  the  Gower  stage  of  the  Silurian,  the  only  exception 
being  that  of  the  Devonian  quarries  in  Iowa  township  near 
the  Muscatine  county  line.  The  good  qualities  of  the  Anamosa 
phase  of  the  Gower  limestone  have  long  been  recognized  and 
have  frequently  been  set  forth  in  the  reports  on  the  counties 
of  eastern  Iowa.  Its  even  and  smooth  bedding,  its  uniform 
grain,  its  comparative  softness  in  working  with  saw  and  chisel 
when  fresh  from  the  quarry,  and  its  hardness  when  recementa- 
tion  has  taken  place  on  drying,  its  obduracy  to  all  chemical 
agencies  of  rock  decay,  and  its  resistance  to  frost,  its  pleasing 
color  and  the  absence  of  any  injurious  minerals  which  might 
weaken  or  strain  the  stone  or  impair  its  ease  of  working,  all 
these  characteristics  contribute  to  make  the  Anamosa  one  of  the 
best  building  stones  of  the  west. 

BecUer  Quarries. — In  value  of  output,  and  perfection  and  cost 
of  machinery,  these  quarries  are  the  most  noteworthy  in  Iowa 
and  are  among  the  largest  of  the  Mississippi  valley.  They  are 
located  some  six  miles  southwest  of  Tipton  on  the  right  bank 
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of  the  Cedar.  The  village  which  has  sprung  up  about  them  is 
<jalled  Cedar  Valley,  and  a  spur  connects  with  the  Cedar  Rap- 
ids-Clinton line  of  the  Chicago,  Rock  Island  &  Pacific  Railway, 
near  Plato,  about  two  miles  northwest.  The  sequence  of  beds 
is  as  follows: 

BEALER'S  QUARRY.  CEDAR  VALLEY. 

FBBT. 

9.    Limestone,  buff,  magnesian,  very  soft,  Coggan  stage 14 

8.    Limestone,  weathering  Into  chlpstone.  In  layers  up  to  six 

Inches 1% 

7.    Limestone,  light  gray,  rough,  massive,  very  vesicular  ....      3 

6.    Limestone,  fragmental,  argillaceous 1 

5.  Seam  of  blue  argillaceous -material  ezteniilng  for  180  feet 
along  quarry  face 0-2 

4.    Limestone  in  thin  spalls,  hard,  dense,  "flinty"   5^ 

3.  Limestone,  hard,  rough,  buff,  crystalline,  highly  vesicular, 
with  moulds  of  spire-bearing  brachlopods,  the  spires  often 
remaining  In  casts  5 

2.    Limestone  in  layers  from  two  to  eight  inches,  laminated 4 

1.  Limestone,  light  buff,  granular;  lustre  dull,  homogeneous  in 
grain,  slightly  vesicular,  destitute  of  silica  in  any  form, 
fracture  even,  soft  when  first  quarried,  rapidly  hardening 
on  drying,  bedding  planes  horizontal,  even  and  compara- 
tively distant,  laminated,  Joints  distant,  master  joints  run- 
ning south-southeast.  All  quarried  for  building  stone,  to- 
gether with  Nos.  2-8,  Gower  stage 94 

The  quarries  were  opened  nearly  a  third  of  a  century  since 
by  Mr.  E.  J.  C.  Bealer,  who,  as  a  practical  bridge  architect,  saw 
the  great  value  of  the  stone  at  this  point  for  bridge  piers  and 
.all  heavy  masonry.  The  chief  quarry  now  in  operation  was 
opened  some  years  ago  and  no  expense  has  been  spared  to  equip 
it  with  modem  and  effective  machinery.  A  levee  costing  $20,000 
has  been  built  along  the  river  front  for  protection  against  floods. 
Railways  tracks  in  the  quarries  are  so  built  that  the  force  of 
gravitation  is  utilized  to  the  utmost  and  no  locomotive  engines 
are  required  to  make  up  the  train  of  loaded  cars  which  in  busy 
seasons  is  sent  out  daily.  The  stripping  of  the  quarry,  consist- 
ing' of  twenty-five  feet  of  soft  silt  known  as  loess,  and  less  than 
ten  feet  of  pebbly  glacial  clay,  is  cheaply  and  expeditiously 
handled  hydraulically  by  means  of  a  high  duty  steam  pump  and 
suitable  pipes  and  hose.  In  quarrying  the  stone  there  are  em- 
ployed one  single  and  three  dpuble  steam  channellers  and  sev- 
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eral  steam  drills.  The  plant  is  well  equipped  with  boilers  and 
engines  of  sufficient  capacity  to  furnish  an  abundance  of  power 
to  operate  the  channellers,  drills,  pumps,  machine  shop  equip- 
ment, crusher  plants  and  numerous  derricks.  A  large  machine 
shop,  well  equipped  for  repairing  and  rebuilding  the  tools  and 
machinery  of  the  plant  completes  the  equipment. 

The  output  consists  chiefly  of  bridge  stone  of  three  grades. 
The  proprietor  contracts  for  completed  bridge  piers  and  has  a 
large  force  employed  in  their  construction.  Dressed  dimension 
stone  is  cut  in  the  yards  and  crushed  stone,  riprap,  rubble  and 
curb  stone  are  included  in  the  products  of  the  quarry. 

The  quarries  were  opened  in  natural  ledges  fronting  the  river 
in  the  face  of  the  bluffs,  rising  about  120  feet  above  the  stream. 
These  ledges  have  been  quarried  away  over  an  area  of  several 
acres  and  on  the  platform  thus  formed  an  extensive  pit  has  been 
sunk  to  a  depth  of  sixty  feet  below  the  level  of  water  in  the  river, 
and  another  of  like  dimensions  has  recently  been  opened.  The 
lower  ninety-four  feet  is  used  for  bridge  and  dimension  stone,^ 
the  stone  becoming  of  finer  grain  and  better  quality,  it  is  said, 
mth  increasing  depth,  to  the  present  quarry  floor.  Above  this 
lies  a  ledge  twenty-two  feet  thick  used  only  for  riprap,  rubble, 
railway  ballast,  and  macadam,  for  which  it  is  admirably 
adapted.  It  includes  hard,  fine-grained  spalls,  a  four-foot  layer 
of  hard,  highly  vesicular,  crystalline  limestone,  and  four  feet  of 
laminated  limestone  in  layers  from  two  to  eight  inches  thick.  On 
this  ledge  rests  a  bed  of  about  twelve  feet  of  soft,  earthy  lime- 
stone, called  the  Coggan,  wholly  worthless  for  any  industrial 
purpose,  and  constituting  a  part  of  the  stripping. 

The  quarry  stone  belongs  to  the  Gower  stage  of  the  Niagaran, 
according  to  Norton.  It  consists  of  laminated,  light  buff,  gran- 
ular, even  bedded  dolomite  which  withstands  chemical  decay  and 
mechanical  disintegration  remarkably  well.  Open  bedding- 
planes  are  so  few  that  they  are  found  to  be  practically  impervi- 
ous, a  fact  markedly  at  variance  with  similar  beds  at  Anamosa 
and  Stone  City  in  Jones  county.  The  chemical  composition  of 
the  rock  was  found  to  be  as  follows: 
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BUILDING  STONE  QUARRY,  LIME  CITY. 

Calcium  carbonate  (CaCCX)   55.3 

Ma^^nesium  carbonate   (MgCO«)    v 43.0 

Ferric  and  aluminum  oxides  (FesQi  and  AUOs)   1.4 

Silica  (SiOt) 0.6 

100.3 

BUILDING    STONE,    BEALBR'S    QUARRY,    CEDAR    VALLEY. 

Calcium  carbonate  (CaCCX)   56.4 

Magnesium  carbonate    (MgCOa)    42.6 

Ferric  and  aluminum  oxides  (FesOk  and  AUQi)    0.7 

Silica  (SlOi)    , 0.4 

100.1 

«  rock,  however,  is  laminated  throughout  and  may  be  split 
^^^^»^^ar  these  planes  to  layers  one  foot  in  thickness  without  diffi- 
cuL-t-y^^  and  in  places  to  eight  and  nine  inches.  On  natural  out- 
^^^X^^  adjacent,  long-weathered  surfaces  often  show  close  lines 
,  -^  ^^:mination,  but  these  are  strongly  coherent,  beyond  the  usual 
^-  ^^Ixis  formation,  and  permit  the  quarrying  of  permanently 
^.^"^^^  blocks  of  as  great  thickness  as  called  for.  The  common 
*,  of  the  blocks  raised  from  the  lower  part  of  the  quarry  is 

'^^^^  '^nd  one-half  feet  long  and  three  and  one-quarter  feet  wide 
's^j^  thick,  weighing  each  something  more  than  four  tons. 

In  some  of  the  outcrops  of  the  Anamosa  phase  of  the  Gower 
stage,  there  are  found,  especially  toward  the  summit,  thin  layers 
or  laminaB  of  a  compact  drab,  fine-grained  limestone,  called  by 
workmen  ** flint"  on  account  of  its  hardness,  brittleness,  and 
fracture.    Such  seams  are  a  direct  injury;  under  the  weather 
they  break  into  small  rhombic  chipstone.    Since  their  coefficient 
of  expansion  is  different  from  that  of  the  adjoining  layers,  they 
tend  to  form  in  time  a  horizontal  cleavage  of  the  block  of  which 
they  form  a  part.    At  Scaler's  quarry  these  seams  are  prac- 
tically absent,  and  the  stone  free  from  this  element  of  weakness 
as  well  as  of  all  deleterious  accessories,  can  be  strongly  recom- 
mended as  of  the  highest  durability. 

Of  late  years  the  demand  for  cut  stone  has  diminished  and  a 
large  part  of  the  output  of  the  quarries  is  in  the  form  of  crushed 
rock.  The  proprietors  contract  for  concrete  bridge  work  as  well 
as  for  masonry  piers  and  foundations  and  for  this  work  the  rock 
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from  these  quarries  is  excellently  adapted.  The  upper  layers 
are  blasted  down  and  crushed  and  the  waste  from  the  lower 
quarry  beds  is  brought  up  and  sent  through  the  same  process 
and  mixed  with  the  other.  The  crusher  used  is  of  the  Blake 
type  and  has  a  capacity  of  200  yards  per  day. 

Cedar  Bluff. — ^Immediately  above  the  bridge  at  this  village,  a 
ledge  of  Anamosa  stone  has  been  quarried  to  some  extent  for 
local  supply.  The  face  of  the  ledge  is  here  some  thirty-five 
feet.  The  upper  seven  or  eight  feet  are  weathered  to  thin  spalls. 
In  the  middle  lies  a  stratum  of  seven  feet  of  fine-grained,  light 
yellow  limestone  of  pure  Anamosa  type.  Below  this  the  stone 
shows  an  alternation  of  harder  and  softer  laminae,  the  harder 
being  of  finer  grain  and  more  brittle.  The  best  building  stones 
are  said  to  be  taken  from  the  bed  of  the  river  at  the  base  of 
the  ledge. 

Below  the  village  the  same  formation  outcrops  on  both  sides 
of  the  river,  in  ledges  up  to  fifty  feet  in  height,  showing  the  same 
granular  laminated  limestone,  horizontally  bedded  in  even 
courses,  weathering  in  places  to  thin  calcareous  plates,  but  for 
the  most  part  standing  in  undivided  layers  up  to  two  feet  in 
thickness. 

Along  the  banks  of  the  Wapsipinicon  north  of  Massilon  are 
bluffs  of  yellow,  vesicular  or  granular  dolomite.  Some  has 
been  quarried  for  rough  use,  but  it  is  not  suitable  for  building. 
It  seems  rather  soft  for  road  work.  Th^  stone  lies  in  heavy 
beds,  eighteen  to  twenty-four  inches  thick  in  places,  elsewhere 
massive.  Large  quantities  are  available  and  might  be  obtained 
without  undue  diflSculty. 

McLeod's  Quarry,  southwe&t  quarter  of  section  12,  Spring- 
field township. — On  the  left  bank  of  the  Wapsipinicon,  less  than 
one-half  mile  below  Massilon,  this  quarry  shows  a  face  of 
twenty-five  feet  of  vesicular,  semicrystalline  limestone,  the  up- 
per fifteen  feet  massive  or  obscurely  bedded,  the  lower  ten  feet 
in  rough  layers  from  eighteen  to  thirty  inches  thick,  all  buff 
in  color,  and  sparingly  fossiliferous.  Just  below  the  village  on 
the  right  bank  of  the  stream,  the  same  layers  form  a  picturesque 
ledge  about  thirty  feet  high. 
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One  of  the  largest  quarries  in  northeastern  Cedar  county  is 
tliat  of  Mr.  Claus  Miller,  located  in  the  southwest  quarter  of 
section  4,  Springfield  township.  Quite  a  deep  opening  has  been 
made  here  and  large  amounts  of  stone  have  been  removed.  The 
pit  face  shows  at  the  top  about  six  feet  of  thin  slabs  of  yellow 
stone  which  grades  down  into  six  to  eight  feet  of  gray,  lamin- 
iited,  fine-grained,  magnesian  limestone.  -  Below  this  is  a  heavy, 
buff  vesicular  ledge  five  feet  thick,  following  which  are  twenty 
feet  of  evenly  bedded,  yellowish  stone  in  layers  three  to  twelve 
inches  in  thickness.  The  latter  weathers  to  a  grayish  color.  The 
upper  gray  ledges  resemble  the  upper  beds  of  the  Champion 
quarry  at  Stone  City. 

The  quarry  is  equipped  with  a  Cedar  Rapids  No.  2  crusher 
which  has  a  capacity  of  thirty-five  to  forty  Ions  per  day.  The 
beds  dip  steeply  to  the  northeast  and  the  entire  quarry  floor  is 
inclined  in  that  direction.  One  wall  is  a  massif  in  which  no 
bedding  is  apparent. 
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Ffink^s  Quarry,  northwest  quarter  of  southeast  quarter  of  sec- 
tion 14,  Dayton  township. — The  following  section  is  here  shown : 


4.  Limestone,  rough,  in  layers  from  one-half  to  one  foot  thick, 

weathered   4 

5.  Limestone,  in  eight  inch  layers  2 

2.    Limestone,  exceedingly  rough,  cnrstalline,  deeply  pitted  with 

rounded  cavities  up  to  five  inches  in  diameter 2 

1.    To  creek  level,  not  exposed  18 

The  layers  here  form  a  gentle  syncline  dipping  2"  north  at  the 
south  end  and  6°  south  at  the  north  end. 

Burrouffh's  Quarry,  southwest  quarter  of  section  22,  township 
80  north,  range  III  west. — The  Gower  is  here  quarried  on  a 
small  scale  on  the  left  bank  of  Eock  run.  For  eight  feet  above 
the  creek,  a  very  fair  granular  building  stone  lies  in  layers  from 
seven  to  eighteen  inches  thick,  weathering  superficially  to  spalls 
two  to  four  inches  thick.  The  dip  to  the  southeast  is  perceptible. 
An  adjacent  ledge  reaching  a  height  of  twenty  feet  above  water 
level  is  composed  of  laminated  lim.estone,  hard,  gray  and  crys- 
talline. A  few  rods  away  an  old  pot  kiln  attests  the  possibilities 
of  the  stone  as  a  lime  maker.  Here  a  layer  identical  with  No.  4 
of  Whann's  quarry  is  found  above  the  limerock.  Across  the 
creek  and  down  the  stream  on  the  same  farm,  about  fifty  feet  of 
this  hard,  crystalline,  laminated  limestone  is  displayed  in  over- 
hanging ledges  and  hillside  outcrops.  Toward  the  base  the  rock 
weathers  to  thin  spalls,  but  above  the  laminae  are  coherent  and 
the  cliff  breaks  down  in  immense  blocks.  About  fifteen  feet 
above  the  limestone  a  few  fragments  of  yellow  sandstone  were 
seen  in  a  shallow  ravine,  but  no  distinct  outcrop  was  found.  All 
the  limestone  in  this  section  resembles  the  Anamosa  stone  in 
its  lamination  and  in  its  horizontal  or  nearly  horizontal  bedding. 
Nowhere  is  it  disturbed,  tilted,  or  conglomeratic,  as  is  so  com- 
monly the  case  with  the  LeClaire.  And  yet  in  their  hardness, 
color,  and  crystalline  texture,  these  beds  on  Rocky  run  are  dis- 
tinctly of  the  LeClaire  type. 

Wallick's  Quarry,  east  half  of  section  16,  Linn  township. — 
Two  and  one-half  miles  north  of  Cedar  Bluff  the  Anamosa  phase 
is  quarried  for  local  uses.  The  rock  rises  to  the  surface  in  the 
low  hills,  so  that  no  stripping,  except  of  weathered  spalls,  is 
necessary.    The  rock  is  of  the  ordinary  phase  of  the  finely  lam- 
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inated,  fine-grained,  light  buflf  building  stone  of  the  Gower.  It  is 
in  thin  layers,  dipping  ir  SE.,  and  shows  a  face  of  twenty  feet. 

Hecht's  Quarry,  northeast  quarter  of  northeast  quarter  of 
section  14,  Dayton  township. — The  following  section  is  seen  at 
Hecht's  quarry: 

FEET. 

3.  Limestone,  spalls,  irregularly  shaped  chiitstone,  buff,  resem- 
bling conglomerate  of  harder  centres  with  matrix  of  lime- 
stone meai 4 

2.  Limestone,  rough,  semicrystalline,  cores  gray,  weathering  to 
buff    J 1 

1.  Limestone,  for  the  most  pcu't  evenly  bedded,  buff  or  gray, 
thickness  of  layers  from  above  downward  in  inches:  8,  18, 
10,  16,  19.  24.  12,  18,  18.  At  west  end  dip  of  3*»  W.;  In 
center  slightly  S.;  at  east  end  a  i>erceptible  dip  SW ll'/« 

Gary's  Quarry,  southwest  quarter  of  section  13,  township  80 
north,  range  III  west. — About  two  and  three-fourths  miles 
southwest  of  Tipton,  two  quarries  have  been  opened  on  Bock 
creek.  Mr.  M.  C.  Gary  here  quarries  a  face  of  fifteen  feet  in 
layers  mostly  of  the  thickness  of  flagging,  but  some  reaching 
nine  inches.  At  the  west  end  of  the  quarry,  the  stone  is  hard 
and  crystalline,  of  the  LeClaire  phase,  in  layers  six  inches  thick 
and  upward  and  dipping  12'  SSE.  Two  rods  east  this  has  passed 
into  the  Anamosa  phase,  but  slightly  harder  and  more  crystal- 
line than  typical,  dipping  3^  E.,  the  juncture  being  now  con- 
cealed. 

Twenty-five  rods  southwest  of  this  section  a  small  quarry  has 
been  opened  showing  a  mound  of  hard  limerock  at  the  north  end, 
and,  the  juncture  again  being  obscured,  at  the  south  Anamosa 
stone,  some  layers  being  soft  and  granular,  and  others  harder 
and  more  compact.  The  layers  here  run  from  one  and  two  inches 
to  nine  and  twelve,  and  dip  from  30"  WNW.  to  38"  NNW. 

Whann's  Quarry,  northeast  quarter  of  northwest  quarter  of 
section  14,  township  80  north,  range  III  west : 


5.    Limestone,  light  buff,  hard,  fine-grained,  lustre  earthy,  re- 
sembles Bertram  beds  of  Linn  county 2 

4.    Limestone,  buff,  softer,  with  numerous  branching  vertical 
tubes  one  to  two  mm.  in  diameter 1 

3.    Limestone,  hard,  gray,  crystalline .1V« 

2.    Limestone,  buff,  more  or  less  vesicular,  in  layers  from  8  io 

30  inches  thick,  with  bands  of  harder  cryetalline  gray  rock .       5 

1.    Limestone  in  layers  as  above,  buff,  granular,  laminated 6^ 
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The  dip  here  is  a  gentle  one  to  the  southwest.  A  few  rods  up 
stream  the  ledge  is  seen  to  form  a  low  syncline. 

Beds  of  Devonian  age  cover  a  large  triangular  area  over  the 
southwest  fourth  of  the  county  and  numerous  outcrops  are  to  be 
seen  along  Cedar  river  and  its  more  important  tributaries, 
Bock  and  Sugar  creeks,  often  showing  the  Niagaran  beds  below, 
Notwithstanding  the  availability  and  large  areal  distribution  of 
these  beds  they  are  overshadowed  in  importance  by  the  Ni- 
agaran and  are  of  local  importance  only.  The  only  producers 
are  small  quarries  on  the  west  bank  of  the  Cedar  in  Iowa  town- 
ship near  the  Muscatine  county  line.  The  quarry  section  is 
given  below. 

FEET. 

4.    Iiimestone,  hard,  compact,  gray  and  buff,  mottled,  in  layers 

from  2  to  4  inches  thick,  overlain  with  red  geest 1% 

3.    Limestone,  shaly,  yellow   Vj 

2.    Limestone,  yellowish  drah,  splitting  into  irregular  layers, 

from  2  to  6  inches  thick 3 

1.    Limestone,  tough,  hard,  gray,  evenly  bedded,  resistant  to 

weathering,  in  two  or  three  layers 3% 

About  thirty-five  feet  above  the  base  of  the  hill  layers  of  a 
comparatively  barren  limestone  have  been  opened  up.  In  the 
five  feet  here  exposed  no  fragments  large  enough  to  identify 
were  found.    The  stone  is  yellow,  breaking  up  into  chipstone. 

CBRRO  GORDO  COUNTY. 
Sand  and  Gravel. 

The  Wisconsin  drift  covers  rather  more  than  the  western  tier 
of  townships  and  for  the  most  part  the  entire  belt  is  decidedly 
morainal  in  character.  The  leading  streams  of  the  county  head 
in  the  Wisconsin  drift  area  and  as  a  rule  are  marpned  with  im- 
portant terraces.  The  gravel  terraces  along  Lime  creek  and  its 
immediate  tributaries  are  well  described  in  Professor  Calvin's 
report  on  the  Geology  of  Cerro  Gordo  county*.  The  description 
is  given  herewith. 

Within  the  morainic  belt,  in  Grant  township,  the  course  of 
Lime  creek  is  very  tortuous,  since  of  necessity  it  winds  back  and 
forth  to  avoid  the  lawlessly  disposed  knobs  and  hills  of  drift.  In 

•Iowa  Geological  Survey,  Vol.  VII,  p.  137. 
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this  region  the  channel  is  new,  dating  only  from  the  retreat  of 
the  Wisconsin  ice.  It  now  occupies  a  mere  shallow  trough  in 
loose  glacial  detritus,  showing  only  an  inconsiderable  amount  of 
erosion  since  the  stream  began  work  upon  it.  There  is  here 
properly  no  river  valley,  nor  are  there  any  tributary  streams 
with  definitely  marked  channels.  The  drainage  waters  from 
adjacent  lands  find  their  way  into  Lime  creek  sometimes  by  very 
roundabout  courses,  along  broad,  flat-bottomed  swales,  or 
through  reedy,  ill-drained  marshes. 

In  the  lowan  drift  area,  however,  Lime  creek  follows  a  pre- 
glacial  valley  that  was  originally  in  places  two  or  three  miles  in 
width.    In  depth  the  valley  varies  from  twenty  to  seventy  feet. 

Its  history  is  well  recorded  in  the  western  part  of  Lime  Creek 
township.  Here  the  present  stream  flows  in  a  small,  shallow  and 
narrow  chanpel  near  the  southern  margin  of  the  valley.  The 
south  bank  of  the  stream  rises  abruptly  to  a  height  of  thirty  or 
forty  feet.  On  the  north  side  a  plain  with  gentle  slope  begins 
near  the  level  of  the  water  and  extends  back  to  a  terrace  that 
is  eight  or  ten  feet  in  height.  At  the  summit  of  the  terrace  there 
begins  another  plain  that  may  be  two  miles  or  more  in  width 
and  is  terminated  on  the  north  by  an  irregular  line  of  low  hills. 
The  history  seems  to  have  been  as  follows :  The  preglacial  val- 
ley had  a  width  reaching  from  the  south  bank  of  the  present 
stream  to  the  line  of  hills  which  form  the  northern  border  of 
the  second  plain  noted  above.  The  sub-Aftonian  (Nebraskan) 
drift,  if  it  were  ever  deposited  in  this  region,  can  not  be  differ- 
entiated from  the  Kansan,  but  it  is  certain  that  at  the  close  of 
the  Kansan  stage  the  old  valley  was  only  partially  filled  with 
detritus,  and  an  important  drainage  stream  of  the  subsequent 
interglacial  stage  followed  the  old  depression  and  in  part  re- 
excavated  the  valley.  At  the  beginning  of  the  lowan  stage  the 
re-excavation  was  far  from  complete,  its  amount  being  repre- 
sented by  the  space  between  the  south  wall  of  the  valley  and  the 
first  terrace  north  of  the  present  stream.  The  lowan  glaciers 
deposited  only  a  very  thin  sheet  of  drift  over  this  region ;  but 
they  carried  numerous  bowldgrs  that  are  scattered '  over  the 
whole  surf  ace  of  highlands  and  lower  plains.  The  plain  between 
the  terrace  and  the  channel,  and  rising  only  a  few  feet  above  the 
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level  of  the  water,  is  thickly  strewn  with  large  lowan  bowlders 
that  have  not  been  disturbed  since  they  were  deposited  at  the 
level  at  which  they  now  lie.  The  present  channel  is  a  shallow 
trough  cut  in  the  lowan  drift  of  this  lower  plain,  and  represents 
the  inconsiderable  amount  of  erosion  since  the  withdrawal  of 
the  lowan  ice. 

The  stage  of  the  Buchanan  gravels  is  represented  by  extensive 
gravel  deposits  in  the  valley  of  Lime  creek,  and  by  similar  de- 
posits along  Blake  creek  and  other  tributaries.  The  main  bodies 
of  these  gravels  were  deposited  in  the  partly  filled  preglacial 
valley  of  Lime  creek.  They  underlie  a  large  area  on  the  north 
side  of  the  stream  in  Lime  Creek  and  Lincoln  townships,  occupy- 
ing the  level  space  south  of  the  highlands  which  mark  the  bound- 
ary of  the  preglacial  valley.  Good  exposures  are  seen  at  va- 
rious points  north  of  the  road  near  Lincoln  mills,. in  section  15 
of  Lincoln  township ;  in  section  10  of  the  same  township  there  is 
e  pit,  worked  for  road  material,  that  shows  above  gravel  a  thin 
sheet  of  lowan  till  with  characteristic  granite  bowlders.  Wells 
and  other  excavations  reveal  underlying  gravel  throughout  the 
whole  plain  south  of  the  highlands  already  noted.  Blake  creek 
in  Lime  Creek  township  has  cut  its  valley  through  the  thin  sheet 
of  lowan  till  and  exposed  the  same  gravels  at  various  points, 
good  outcrops  occurring  north  of  the  center  of  section  16.  The 
higher  ground  on  either  side  of  the  shallow  valley  is,  in  places, 
thickly  strewn  with  lowan  bowlders. 

A  rather  sandy  phase  of  the  gravels  was  formerly  worked 
extensively  for  ballast  by  the  Chicago,  Milwaukee  &  St.  Paul 
Railway,  and  at  the  present  time  is  being  developed  by  the 
Mason  City  Sand  Company,  in  the  southwest  quarter  of  section 
2  of  Mason  township.  There  are  exposures  in  the  northern  part 
of  Mason  City  on  the  west  side  of  Lime  creek,  and  from  one  of 
these,  located  near  the  greenhouse,  workmen  some  time  ago  ob- 
tained the  horn  of  a  reindeer.  The  gravel  in  the  northern  part 
of  the  city  is  rather  coarse  but  just  east  of  the  city  the  material 
is  much  finer,  and  the  beds  have  been  worked  for  building  sand. 
The  sand,  however,  contains  more  or  less  gravel;  and  near  the 
base  of  the  deposit  there  are  many  large  slabs  and  fragments 
of  limestone.    Gravel  beds  of  varying  degrees  of  fineness  are 
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distributed  along  the  valley  of  Lime  creek  throughout  its  whole 
extent  in  Cerro  Gordo  county.  The  old  pre-Kansan  valley,  only 
partially  filled  with  drift,  seems  to  have  carried  torrents  of 
water  from  the  melting  Kansan  ice.  The  torrents  were  loaded 
with  gravel  and  sand,  and  doubtless  with  finer  material,  and 
the  coarser  fragments  were  deposited  to  form  the  gravel  beds 
above  described.  After  the  Kansan  ice  had  retreated  beyond  the 
limits  of  the  drainage  area  tributary  to  this  valley,  when  the 
stream  had  shrunk  to  the  dimensions  required  to  carry  off  the 
normal  precipitation  and  when  the  current  was  no  longer  loaded, 
erosion  attacked  the  gravel  beds  and  re-excavated  a  portion  of 
the  valley. 

Shell  Bock  river  bears  every  evidence  of  youth  and  has  ac- 
cumulated but  little  sand  or  gravel.  Terraces  are  of  but  slight 
development  or  are  entirely  wanting. 

Eskers  and  Valley  Trains. — The  AltAmont  moraine  covers  a 
large  portion  of  the  western  tier  of  townships.  The  hills  and 
bosses,  many  of  which  are  gravel-bearing,  that  characterize  the 
moraine  become  less  pronounced  in  the  southern  and  southwest- 
em  part  of  Grimes  township.  Indeed  in  the  southwestern  part  of 
this  township,  the  hills  fade  into  the  level,  characterless  topog- 
raphy peculiar  to  the  central  areas  of  Wisconsin  drift.  In  this 
level  region,  parts  of  which  are  still  very  marshy,  are  the  initial 
branches  of  the  south  fork  of  Beaver  Dam  creek  which,  flowing 
southeast,  finally  emerges  upon  the  area  of  lowan  drift.  The 
valley  of  this  creek  seems  to  have  been  the  chief  outlet  in  Cerro 
Gordo  county  for  the  waters  resulting  from  melting  of  the 
Wisconsin  ice.  Accordingly,  near  Thornton,  about  half  a  mile 
southwest  of  the  village,  there  is  a  well  defined  esker  in  the 
form  of  a  long  ridge  of  gravel  resting  on  Wisconsin  drift. 
This  gravel,  as  might  be  inferred  from  its  origin,  contains  a 
large  proportion  of  limestone  pebbles.  The  ridge,  which  is 
three-fourths  of  a  mile  in  length,  trends  a  few  degrees  south 
of  east.  It  is  not  quite  parallel  to  the  present  drainage.  The 
course  of  the  glacial  stream  to  which  it  owes  its  origin  was 
determined  by  conditions  that  determined  the  position  and 
course  of  the  modern  streams. 
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In  the  neighborhood  of  Thornton  the  streams  flow  over  beds 
of  the  same  kind  of  gravel  found  in  the  esker.  A  heavy  accumu- 
lation occurs  below  the  village  near  the  point  where  two 
branches  flow  together.  Trains  of  gravel  follow  the  creek  valley 
beyond  the  limit  of  the  moraine,  well  out  into  the  region  of 
lowan  drift.  The  last  gravel  beds  of  this  age  in  Cerro  Gordo 
county  occur  along  the  south  line  of  section  36,  Pleasant  Valley 
township,  where  the  stream  passes  into  Franklin  county. 

/  • 

Stone. 

Beds  of  Devonian  age  are  believed  to  occur  immediately  be- 
neath the  drift  over  the  entire  county,  with  the  exception  of  a 
triangular  area  in  the  southwest  comer.  Two  distinct  sub- 
stages  may  be  readily  recognized,  the  lower  beds,  which  are 
prevailingly  calcareous  or  dolomitic  and  highly  indurated,  often 
subcrystalline,  and  an  upper  series  which  is  made  of  shales 
and  marls  with  occasional  indurated  ledges.  The  first  belongs 
to  the  Cedar  Valley  stage  of  the  Devonian,  of  which  the  upper 
portion  only  is  represented  in  the  county,  while  the  latter  be- 
longs to  the  Lime  Creek  shales  of  the  Upper  Devonian  series. 
The  principal  outcrops  of  the  Cedar  Valley  limestones  occur 
along  Lime  creek  and  Shell  Eock  river  and  their  immediate 
tributaries.  All  of  the  quarries  in  the  county  which  are  of  more 
than  local  significance  are  developed  in  this  stage.  From  an 
economic  standpoint  the  Cedar  Valley  beds  may  be  separated 
into  four  groups  more  or  less  readily  recognized.  The  sequence 
is  as  follows,  from  top  downwards: 

FEET. 

4.  Limestone,  exceedingly  variable  in  texture,  structure,  and 
composition,  ranging  from  a  granular,  subcrystalllne  dolo- 
mite, through  magnesian  limestone  and  argillaceous  lime- 
stone, to  pure  limestone.  The  beds  thicken  and  thin  out  in 
short  distances.  In  places  lamellar  stromatoporoids  are 
present   in    lower   beds 25+ 

3.  Limestone,  a  well-marked  reef  of  nodular  or  spheroidal 
Stromatoporas,  characteristically  developed  in  sections  in 
and  about  Mason  City 8—10 

2.  Limestone,  white  to  light  gray,  hard  and  compact,  brittle, 
breaks  with  a  conchoidal  fracture,  evenly  bedded,  non- 
fos&iliferous;  in  layers  up  to  two  feet  in  thickness,  about. .     15' 

1.  Dolomite,  brown,  subcrystalllne,  granular;  generally  in.  reg- 
ular beds  and  but  slightly  porous  or  vesicular;  thickness  of 
individual  layers  and  aggregate  thickness  variable.  Earthy 
to  calcareous  and  variable  in  composition  below 20+ 
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Numbers  1  and  2  afford  all  the  stone  used  for  dimension  pur- 
poses. Number  3  is  used  for  lime  and  is  suitable  for  crushed 
stone.  The  principal  quarries  are  located  in  the  vicinity  of 
Mason  City. 

The  Kuppinger  quarry,  located  on  the  east  bank  of  Lime 
creek,  between  the  bridge  and  the  mill  dam,  in  the  northeastern 
part  of  Mason  City,  gives  the  following  section: 

THE  KUPPINGER  QUARRY. 

FEET. 

7.    Residual  clay  and  drift   4 

6.    Somewhat  regularly  bedded  stromatoporoid.  limestone 3^ 

5.  Reef  of  stromatoporoids  consisting  largely  of  spheroidal 
coralla  with  concentric,  laminated  structure;  some  of  the 
coralla  are  more  than  a  foot  in  diameter.  Weathers  into 
spheroidal  masses.     Bedding  obscure 5 

4.  White  or  grayish,  fine-grained  lin^estone,  breaking  with 
conchoidal  fracture,  very  compact;  ledges  ranging  from  a 
few  inches  to  more  than  two  feet  in  thickness.  No  traces 
of  fossils,  or  traces  f^w  and  very  ol^cure 14 

3.    Bluish  limestone,  fiexuous  and  unevenly  bedded 2 

2.  Hard,  crystalline,  grayish  dolomite,  with  occasional  streaks 
of  brown  and  red.  In  weathered  portions  of  this  member, 
the  crystals  of  dolomite  are  in  places  very  loosely  cemented 
and  the  rock  has  the  appearance  of  a  friable  sandstone. 
Some  beds  are  vesicular,  owing  ito  the  solution  and  removal 
of  fossils.  The  cavities,  however,  are  lined  with  crystals  to 
suoh  an  extent  as  to  obliterate  all  evidence  of  generic  or 
specific  characters.  Ledges  varying  from  6  to  36  inches  in 
thickness    8 

1.    From  floor  of  quarry  to  level  of  stream,  covered  with  talus. .       2 

The  bluff  slopes  some  fifteen  feet  higher  than  the  quarry 
face,  and  is  apparently  supported  by  indurated  rock.  The 
lamellar  stromatoporoids  appear  in  detached  blocks.  Numbers 
2  and  4  are  the  beds  most  prized  for  structural  purposes.  At 
the  present  time,  the  quarry  is  worked  only  intermittently,  and 
then  in  a  small  way.  But  little  labor  saving  machinery  has 
been  installed. 

Openings  have  been  made  in  the  bluff  up  stream  from  the 
Kuppinger  quarry,  but  no  new  beds  are  exposed.  The  beds  ex- 
posed in  the  quarry  of  the  Mason  City  Lime  and  Cement  Com- 
l)any  are  essentially  a  repetition  of  the  above. 

At  Parker's  Mill  on  Willow  creek,  the  following  natural  sec- 
tion is  exposed: 
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PARKER'S   MILL  SECTION. 

FEET. 

6.  Stromatopora  reef,  equlvaleiiit  of  No.  5  of  the  Kuppinger 

quarry    , 4 

5.  White  limeErtone,!  somewhat  split  up  by  weathering 14    .  . 

4.  Evenly  bedded  dolomite,  in  ledges  varying  from  3  to  30 

inches  in  thickness   . . ; 12 

3.  Impure  dolomite,  breaking  irregularly  by  exposure  to  weath- 

er, and  containing  many  cavities  lined  with  crystals  of 
calcite 2% 

2.  Crumbling,  calcareous,  granular  bed,  light  gray  in  color, 

with   many  nodular  and   branching  stromatopores,  some 
favosites  and  beautiful  coralla  of  Pachypht/Uum  woodmani      1 

1.  Argillaceous  limestone,  dark  drab  In  color,  homogeneous,  but 

breaking  up  on  exposure  to  frost 2 

Numbers  1,  2  and  3  appear  to  be  lower  in  the  series  than  1 
in  the  Kuppinger  quarry. 

Several  companies  have  opened  quarries  north  of  the  city. 
Among  others  are  the  Belden  Stone  Company,  the  Mason  City 
Quarry  Company,  and  the  Mason  City  Stone  Company.  The 
last  named  company  has  sold  out  to  the  Northwestern  States 
Portland  Cement  Company. 

The  sequence  of  beds  exposed  in  the  quarries  of  the  Belden 
Stone  Company  is  given  in  the  following  section.  These  quar- 
ries are  located  in  the  southeast  quarter  of  the  northwest  quar- 
ter of  section  27,  Lime  Creek  township. 

BELDEN   STONE   COMPANY   SECTION. 

FEET. 

7.  Soil  and  residual  clay  from  a  few  inches  to 2% 

6.  White  or  grayish  limestone,  shattered  into  small  pieces;  re- 

moved as  part  of  the  stripping   3 

5.  White  limestone  In  thin  layers  3 

4.  White  limestone  in  layers  from  2V2  to  10  inches  in  thickness, 

good  building  stone  4 

3.  Evenly  bedded   dolomite,  suitable  for  heavy   walls  or  for 

cutting  into  caps  and  sills;  in  three  ledges  21,  10  and  11 
Inches  respectively  In  thickness 3% 

2.  "Blue  cap,*'  a  bed  that  quarries  out  in  shapeless,  worthless 

blocks,  In  two   ledges;    an  impure  dolomite   3 

1.    Brown,  bluish  and  gray  dolomite  in  eight  ledges,  varying 

from  4   to  13  inches  in  thickness    5% 

The  white  limestone  here  having  less  overburden  is  more 
weathered,  which  finds  expression  in  its  being  more  thinly 
bedded  and  fractured. 
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The  beds  developed  by  the  Mason  City  Stone  Company  con- 
sist of  an  aggregate  of  nearly  twenty  feet  of  dolomite  and 
rather  more  than  ten  feet  of  the  white  limestone. 

In  all  of  these  quarries  the  dolomite  occurs  in  layers  of  good 
thickness  and  is  of  excellent  quality.  It  usually  presents  a  more 
or  less  rough  surface  owing  to  the  subcrystalline,  granular 
texture,  and  is  known  commercially  as  '* Mason  City  sandstone." 
East  of  Mason  City,  the  white  limestone  becomes  much  less 
important.  A  short  distance  below  the  wagon  bridge  at  Port^ 
land,  the  following  beds  may  be  observed : 

PORTLAND   SECTION. 

FEET. 

6.    Soil  and  wash  up  to   3 

5.    Dolomite,   coarsely  granular,  in  thin  layers 2 

4.    Limestone,    white    with    laminar   Stromatoporas 2 

3*.     Limestone,  the  spheroidal  Stromatopora  reef,  but  more  evi- 

denitly  stratified  than  at  Mason  City 4 

2.    Limestone,  white,  evenly  bedded    3 

1.     Dolomite,  in  heavy  beds  13 

Up  the  river  toward  the  mill,  dolomitized  beds  higher  in  the 
series  may  be  viewed.  Numbers  1  to  4  may  be  correlated 
readily  with  the  Mason  City  sections.  The  beds  dip  at  a  low 
angle  down  stream,  and  almost  wholly  disappear  some  two  miles 
below  the  bridge.  The  *'.Clay  Banks,"  beginning  on  the  north- 
west quarter  of  section  35,  present  an  abrupt  escarpment  facing 
the  creek,  and  rest  on  the  variable  beds  of  the  Cedar  Valley 
stage  which  appear  in  the  channel  of  the  creek.  While  the  Lime 
Creek  shales  which  constitute  the  '*clay  banks"  contain  occa- 
sional hard  ledges,  they  are  not  of  sufficient  importance  in  this 
connection  to  merit  description. 

Above  Mason  City,  the  Cedar  Valley  limestone  presents  an 
almost  continuous  section  along  Lime  creek  to  Fertile  in  Worth 
county.  The  beds  display  many  local  undulations  and  the  usual 
variations  in  composition  and  texture.  As  a  rule  the  beds  are 
lower,  and  the  main  dolomite  quarried  in  Mason  City  and  vicin- 
ity is  not  well  exposed.  The  white  limestone  thins  materially 
and  is  oftentimes  below  the  water  line.  No  important  quarries 
have  been  opened,  although  much  stone  has  been  taken  out 
for  local  use. 
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Along  Shell  Eook  river  the  white  limestone  and  heavy  dolo- 
mite are  the  chief  terranes  exposed.  Occasionally  very  limited 
exposures  of  the  beds  above  and  below  may  be  seen.  Outcrops 
of  the  various  beds  appear  at  short  intervals  from  Foster  *s  mill 
above  Plymouth  to  the  Floyd  county  line.  The  beds  as  a  rule 
are  more  profoundly  folded  than  their  equivalents  along  Lime 
creek.  In  the  vicinity  of  Plymouth  dolomitic  beds  prevail  and 
are  quarried  to  some  extent.  They  are  supposed  to  be  the 
equivalents  of  the  dolomite  in  the  Portland  section  above  the 
stromatoporoid  zones.  The  beds  rise  down  stream.  At  Rock 
Falls  beds  much  lower  in  the  series  appear.  Below  the  wagon 
bridge,  the  following  section  is  exposed : 

FEXTT. 

6.    Drift  and  waste  almost  nothing. 

4.    Limestone,  white   1-3 

3.    Dolomite,  in  regular  beds  and  of  good  quality 16 

2.    Dolomite,  impure  and  irregularly  bedded,  becoming  nodular 

on  weathering 3 

1.    Dolomite,  argillaceous  3 

The  lower  beds  in  the  above  section  are  almost  identical  with 
those  exposed  in  the  Parker 's  Mill  section  in  Mason  City.  Num- 
bers 1  to  3  are  better  seen  in  Vermilya^s  bluff  on  the  northeast 
quarter  of  section  35  in  Falls  township,  where  they  show  a  maxi- 
mum exposure  of  forty  feet.  The  lower  twenty  feet  show  no 
definite  bedding  planes  and  the  rock  breaks  up  by  weathering 
into  angular  pieces.  While  the  beds  are  more  or  less  continu- 
ously exposed  for  some  distance,  no  new  phases  are  shown 
within  the  confines  of  the  county.  While  quarries  might  be 
opened  at  almost  any  point,  none  worthy  of  individual  mention 
are  in  operation. 

Ume  Cbeek  Shales. 

While  the  Lime  Creek  shales  as  developed  in  Cerro  Grordo 
county  comprise  essentially  clay  shales  and  marls,  occasional 
indurated  ledges  are  present,  especially  in  the  upper  member 
or  Owen  beds.  These  hard  layers  are  quarried  at  several  points 
in  Portland,  Owen,  Geneseo  and  Dougherty  townships.  The 
stone  developed  is  usually  a  rather  soft,  yellow,  earthy  dolomite 
of  fair  to  poor  quality,  and  is  of  local  importance  only. 
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CHEROKEE  COUNTY. 
Sand  and  Gbavkl. 

little  Sioux  river  and  its  terraces  furnish  practically  all  the 
gravel  and  sand  deposits  in  Cherokee  county.  Throughout  its 
whole  course  in  the  county  the  river  is  flanked  on  one  or  both 
sides  by  gravel  terraces  of  mammoth  size  which  so  far  surpass 
the  sand  bar  and  other  small  deposits  in  quantity,  quality  and 
accessibility  that  the  latter  receive  but  slight  attention. 

Stream  Terraces. — ^As  to  the  age  of  the  gravel  terraces  along 
Little  Sioux  river  there  is  at  present  some  little  difference  of 
opinion.  Macbride,  in  his  report  on  this  region,  has  disposed 
of  them  as  Wisconsin,  but  in  the  light  of  later  work  there 
seems  to  be  reason  to  question  this  classification.  Be  that  as 
it  may,  the  fact  remains  that  these  enormous  deposits  of  water- 
laid  materials  were  put  down  at  a  stage  of  the  stream  far 
superior  to  the  present  one,  and  at  a  time  evidently,  when  al- 
most unthinkable  quantities  of  water  rushed  down  this  drain- 
age channel  There  seems  now  to  be  no  cause  to  question  the 
theory  that  the  great  floods  which  deposited  these  gravels  were 
derived  from  melting  ice,  whatever  the  age  of  that  ice  may 
have  been,  and  Macbride 's  description*  of  the  manner  of  dep- 
osition of  these  materials  is  doubtless  the  correct  one : 

''When  the  glacier  lay  on  all  the  plains  to  the  east  and  north, 
the  valley  of  the  Little  Sioux,  as  it  appears  in  Cherokee  county 
today,  broad  and  deep,  did  its  part  in  carrying  away  the  waters 
from  the  glacier's  front,  the  constantly  melting  margin.  In- 
deed the  valley  seems  to  have  been  more  than  once  nearly 
choked  by  deposits  of  gravel  and  perhaps  in  the  upper  parts 
of  its  course  with  ice.  Espedally  north  of  Cherokee  the  banks 
of  the  river  valley  are  everywhere  marked  by  gravel  terraces 
far  above  the  flood  plain  of  the  present  stream,  sometimes  as 
much  as  a  hundred  feet  above  it.  Such  deposits  are  not  the 
effect  of  ordinary  erosive  process.  There  is  every  evidence 
that  the  channel  of  the  river  had  been  fully  excavated  long 
before  these  deposits  came  to  place.  Sometimes  they  hang 
as  a  simple  residue  far  up  on  the  side  of  the  sloping  bluff,  as 

^lovfK  Geological  Survey,  Volume  XII,  p.  310. 
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in  section  1  of  Cherokee  township;  again  they  form  great 
masses  and  parapets  choking  up  half  the  valley,  as  in  Spring 
township;  sometimes  two  or  three  succeeding  terraces  may  be 
traced,  as  in  section  1  of  Cherokee  township.  The  main  part 
of  the  city  of  Cherokee  rests  upon  one  of  these  benches;  the 
Illinois  Central  railway  follows  another  north  of  the  city. 
South  of  Cherokee  the  deposits  are  still  abundantly  traceable 
but  they  are  as  a  rule  much  lower;  nevertheless  they  affect 
the  configuration  of  the  valley  entirely  across  the  county.'' 

There  are  four  distinct  terraces  traceable  along  the  Little 
Sioux  and  all  save  the  highest  one  consist  partially  of  gravel 
and  sand.  This  one,  which  rises  some  hundred  and  forty  feet 
above  the  river,  is  erosional  and  consists  of  loess  and  Kansan 
drift.  In  many  places  it  is  quite  gravelly  although  no  pits 
or  other  exposures  are  to  be  seen  along  its  edge.  While  the 
altitudes  of  the  others  vary  somewhat  it  is  clear  that  there 
are  at  least  three  besides  the  one  mentioned,  one  thirty  to 
forty  feet,  one  sixty  to  seventy-five  feet,  and  one  about  a  hun- 
dred feet  above  the  river. 

The  town  of  Washta  is  built  on  the  lower  terrace.  A  short 
distance  north  of  the  town  a  small  pit  shows  at  least  ten  feet 
of  sand  and  gravel  under  about  two  feet  of  alluvium  which 
may  become  thicker  farther  from  the  edge  of  the  terrace.  In 
section  21,  Willow  township,  this  terrace  consists  of  a  thin 
veneer  of  gravel  over  clay.  There  is  gravel  in  this  section, 
also*  in  the  next  higher  terrace,  whose  vertical  face  shows : 

FEET. 

Alluvium  • 7 

Gravel  and  aand    28 

.Clay  below. 

Pebbles  about  the  size  of  hickory  nuts  are  plentiful  near 
the  top  of  the  bed,  but  the  lower  part  is  largely  sand.  This 
terrace  is  nearly  one-quarter  o^  a  mile  wide  by  a  mile  long. 

In  sections  19,  20  and  30  of  Willow  township  this  same 
seventy-foot  terrace  is  composed  largely  of  gravel,  and  while 
definite  figures  cannot  be  given,  the  thickness  of  this  material 
is  probably  between  twenty-five  and  fifty  feet. 
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The  low  terrac5e  again  comes  into  prominence  in  sections  9 
and  16,  Willow  township.  Here  the  area  is  about  twenty-five 
acres  and  while  the  thickness  of  the  sand  and  gravel  could 
not  be  determined,  the  alluvium  overlying  it  is  about  three 
feet.  A  number  of  remnants  of  this  terrace  are  visible  in  the 
northeastern  part  of  section  10,  Willow  township.  The  total 
area  of  these  is  perhaps  ten  acres. 

The  town  of  Quimby  is  built  on  the  lower  and  middle  ter- 
races, mostly  on  the  former.    Usually  the  two  terraces  do  not 
occur  together.     In  the  vicinity  of  the  town,  whichever  may 
be  present  has  a  width  commonly  from  one  quarter  to  one- 
half  mile.    To  the  south  of  the  town  good  exposures  are  want- 
ing, but  where  wagon  roads  go  from  one  terrace  to  another 
gravel  is  invariably  exposed.    Northeast  of  town,  a  pit  in  sec- 
tion 12,  Willow  township,  exposes  six  feet  of  coarse  and  fine 
gravel  and  sand  under  two  or  three  feet  of  alluvium.    In  the 
vicinity  of  the  northwest  comer  of  Silver  township  and  on  the 
4jast  side  of  the  river  the  lower  terrace  is  about  a  quarter  of 
a  mile  wide.    A  pit  here  shows  three  feet  of  alluvium  over  about 
ten  feet  of  sand  and  gravel  apparently  suitable  for  road  work. 
A  part  of  this  terrace  on  the  opposite  side  of  the  river  and 
just  west  of  the  railroad  bridge  has  been  worked  in  the  past 
as  a  railroad  pit.     The  company  has  now  abandoned  it,  but 
farmers  for  miles  around  use  the  material  for  concrete  and 
other  uses  about  the  farm.    The  face  shows  a  depth  of  twenty- 
five  or  thirty  feet  of  gravel  and  coarse  sand,  which  is  some- 
what dirty  where  exposed.    There  are  still  some  forty  or  fifty 
-acres  in  the  terrace  here  which  are  untouched.     This  same 
terrace  is  practically  all  gravel  in  the  western  part  of  section 
32  and  the  southwestern  part  of  29,  Pilot  township.    The  best 
location  from  which  to  excavate  it  is  in  section  28  of  this 
township.    The  terrace  is  about  twenty  feet  above  the  bottoms 
on  which  the  Illinois  Central  track  is  built.    In  places  its  edge 
is  quite  close  to  the  tracks  and  a  spur  one-half  mile  long  would 
open  a  face  of  about  the  same  length.    Really  good  exposures 
are  wanting  here,  and  the  depth  could  not  be  determined;  but 
the  gravel  shows  in  different  places  along  the  road  in  such  a 
way  as  to  leave  no  doubt  of  its  presence  in  large  quantities. 
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The  seventy-  and  one-hundred-foot  terraces  are  by  far  the 
most  important  ones  from  section  21,  Pilot  township,  to  the 
city  of  Cherokee.  The  seventy-foot  terrace  has  an  area  of 
sixty  or  seventy  acres  in  section  21.  There  is  a  pit  near  the 
school  house  where  fifteen  to  twenty  feet  of  material  grading 
from  sand  to  coarse  gravel  is  exposed  and  the  lower  limit  has 
not  been  uncovered.  The  seventy-  and  one-hundred-foot  ter- 
races appear  together  in  sections  8  and  15,  Pilot  township. 
There  are  no  good  exposures  in  the  former,  though  gravel  is 
usually  present  on  the  sides  and  in  one  place  there  is  a  well- 
defined  spring  line  twenty  feet  below  the  top.  The  higher 
terrace  is  much  dissected  and  there  is  plenty  of  evidence  of 
gravel  in  it  even  if  good  exposures  do  not  exist.  Where  thero 
are  roads  on  the  edges  of  this  terrace  they  are  usually  good. 
This  terrace  has  an  average  width  of  over  a  quarter  of  a  mile. 
There  was  formerly  a  railway  pit  about  a  mile  south  of  Chero- 
kee but  it  has  been  nearly  worked  out. 

From  Cherokee  north  to  the  county  line  the  terraces  may 
be  followed  all  the  way.     In  section  14,  Cherokee  township, 
ate  the  pits  of  M.  J.  Gilleas  and  the  Cherokee  Sand  and  Gravel 
Company,  perhaps  the  largest  openings  in  the  county.    These 
pits  are  located  on  a  terrace  which  rises  some  eighty  feet  above 
the  river.    The  former  exposes  some  sixty  feet  of  clean  gravel, 
with  occasionally  large  bowlders  and  clay  balls  and  some  ^clayey 
ocherous  streaks.    As  much  as  105  feet  of  this  material  have 
been  opened  at  one  time,  part  of  it  below  water.    In  the  pit 
of  the  Cherokee  Sand  and  Gravel  Company  the  same  material 
may  be  seen.    In  this  pit  there  is,  near  the  edge  of  the  ter- 
race, a  streak  of  clay  three  or  four  feet  in  depth  which  has 
the  characteristics  of  Wisconsin  drift,  and  this  is  again  covered 
by  gravel. 

An  enormous  quantity  of  these  gravels  remains  unopened. 
On  the  property  of  these  two  companies  perhaps  twenty  acres 
are  still  available,  and  within  a  short  distance  to  the  north 
are  ttv^enty  or  twenty-five  acres  which  will  in  all  probability 
yield  the  same  material. 

The  terrace  along  Mill  creek  which  is  described  in  O^Brien 
couritv  continues  to  its  union  with  the  Little  Sioux.    It  is  al- 
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ways  drift,  usually  topped  with  gravel  wbich  varies  from  a 
mere  veneer  to,  in  certain  places,  up  to  eight  or  twelve  feet. 
North  of  Cherokee  the  terrace  is  fifty-five  to  sixty  feet  above 
the  creek,  and  bcomes  gradually  lower  up  the  valley.  It  is 
perhaps  forty  feet  high  at  the  county  line.  The  gravels  may 
be  seen  at  innumerable  places  and  are  used  almost  wherever 
the  road  climbs  the  terrace.  Perhaps  the  best  exposure  is  at 
a  bend  in  the  road  in  the  southwest  .quarter  of  section  12,  Lib- 
erty township,  where  twelve  feet  or  so  of  fine  dean  gravel 
and  sand  are  in  view.  The  bench  is  conspicnous  for  some  dis- 
tance to  the  south  of  this  point. 

Mill  creek  has  essentially  no  flood  plain.  It  flows  in  a  de- 
pression with  low  slopes  of  drift  leading  back  to  the  terrace, 
which  rises  as  jutting  headlands  of  drift  with  gravel  caps. 

Good  road  gravel  is  obtained  from  a  low  bench  west  of  the 
creek  flowing  through  Larrabee.  Remnants  of  this  bench  occur 
at  intervals  south,  and  apparently  blend  into  those  of  the  high 
terrace  of  Mill  creek.  Parts  of  it  extend  up  the  creek  and  are 
conspicuous  in  north  Cherokee  and  Cedar  townships. 

Miscellaneous  Gravels. — ^Aside  from  the  gravel  benches  along 
Ijttle  Sioux  and  Mill  creek  and  some  of  their  tributaries  from 
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the  north  and  east  which  have  minor  quantities,  there  are  no 
important  gravel  or  sand  deposits  in  the  county.  The  sur- 
face  materials  are  Kansan  drift  and  loess.  Some  of  the  streams 
have  deposited  beds  of  sand  and  fine  gravel  as  islands  and  bars 
but  these  are  not  dependable  in  either  quantity  or  quality,  and 
if  used  at  all  it  is  only  in  a  very  small  way. 

The  town  of  Larrabee  obtains  gravel  from  a  mound  a  mile 
north  of  town  in  the  southeast  quarter  of  section  10,  Cedar 
township.  Similar  mounds  occur  in  west  34  of  the  same  town- 
ship. The  gravel  is  somewhat  red  and  clayey,  and  is  said  not 
to  give  the  best  of  satisfaction  for  concrete  work.  This  mate- 
rial appears  to  be  very  well  proportioned. 

Some  gravels  (Buchanan)  are  found  beneath  the  loess  m 
the  northeastern  part  of  the  county  where  streams  have  cut 
deeply  into  the  drift.  A  little  farther  west  similar  deposits 
are  fairly  common. 

CHICKASAW  COUNTY. 
Sand  and  Gravel. 

Deposits  of  sand  and  gravel  suitable  for  road  materials  are 
abundant  in  Chickasaw  county.  Buchanan  gravel  in  bath  the 
upland  and  valley  phases  constitutes  by  far  the  most  impor- 
tant source  of  supply  in  the  county. 

« 

Buchanan  Gravels. — The  great  sheets  and  trains  of  gravel 
which  were  deposited  as  outwash  at  the  time  the  Kansan  ice 
was  melting  and  gradually  withdrawing  from  this  part  of  Iowa 
are  very  generally  distributed.  Like  the  surface  of  the  ex- 
posed till,  these  deposits  suffered  from  the  effects  of  weather- 
ing during  the  very  long  intervals  preceding  the  coming  of  the 
lowan  glaciers  and  the  distribution  of  the  lowan  till.  The 
gravels  are  red  and  rusty  and  all  feldspar-bearing  fragments 
of  the  transported  rocks  are  rotted,  decayed,  disintegrated.  As 
in  Howard,  Buchanan  and  other  counties  in  northeastern  Iowa, 
there  are  here  two  phases  of  the  gravels,  the  upland  phase 
and  the  valley  phase.  In  the  upland  phase,  which  occurs  in  the 
higfeei;  areas,  the  beds  are  quite  heterogeneous  in  that  they  are 
composed  of  fine  sand,  pebbles,  cobbles,  and  small  bowlders 
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Fig.  is — Buchanan  sravelB  showInK  the  upland  phase,  Ifashua,  Chlckaaaw  countr. 

ranging  up  to  a  foot  in  diameter.  The  valley  phase  is  made 
np  mostly  of  small  polished  qnartz  pebbles,  with  little  or  no 
Band,  and  without  the  larger  cobbles  and  bowlders.  These  de- 
posits are  discussed  in  more  detail  in  the  report  on  Buchanan 
connty. 

Upland  Phase. — A  number  of  deposits  of  very  typical,  fer- 
rnginoDS,  upland  gravels  occnr  in  and  around  New  Hampton. 
The  foundation  for  the  extension  of  the  German  Catholic 
church  was  excavated  in  such  gravels.  A  very  characteristic 
bed  is  seen  at  the  creamery,  one-fourth  of  a  mile  south  of  the 
Great  Western  railway  station.  The  gravels  are  very  deeply 
stained  with  iron  rust,  the  iron  constituents  being  completely 
oxidized.  Some  parts  of  the  beds  are  wholly  or  partially  ee- 
noented  into  a  conglomerate,  and  there  are  many  hollow  clay 
ironstones.  There  are  the  usual  decayed  granites  and  other 
feldspathic  rocks  ready  to  crumble  to  minute  fragments  when 
removed  from  their  surroundings  and  there  are  also  some  hard, 
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undecayed  cobblestones  which  retain  the  glacial  striae.     The 
bed  was  cut  through  in  grading  for  the  railway,  and  a  section 
ten  feet  in  thickness  is  exposed.    Less  than  one-half  mile  far- 
ther south  the  railway  has  cut  through  another  and  more  ex- 
tensive bed  of  the  same  oxidized  gravels  in  which  are  found 
all  the  characteristics  of  the  upland  phase.    At  this  point  the 
depofiiit  forms  an  esker-like  ridge,  and  east  of  the  railroad 
there  is  a  very  large  pit  from  which  material  has  been  taken 
and  used  in  the  improvement  of  the  adjacent  streets  and  roads. 
It  is  almost  universally  the  case  throughout  northeastern  Iowa 
that  the  lower  part  of  deposits  of  upland  gravels  is  made  up 
of  cross-bedded  sands,  while  the  coarser  materials — ^the  pebbles, 
cobbles  and  bowlders — are  found  only  in  the  upper  part  of  the 
section.    This  feature  is  very  strikingly  illustrated  in  the  pit 
last  mentioned.     There  is  another  large  gravel  pit  at  New 
Hampton  two  or  three  hundred  yards  west  of  the  railway 
and  south  of  the  creamery.    There  is  not  the  usual  amount  of 
coArse  material  in  the  upper  part  of  this  exposure ;  erosion  may 
have  carried  it  away;  the  excessive  staining  of  the  sand  in 
the  pit  would  indicate  that  such  material  had  once  been  present 
in  its  ordinary  position,  for  pure  quartz  sand  could  not  furnish 
anything  which  by  oxidation  would  give  ri,se  to  ferruginous 
stains. 

Two  miles  southeast  of  New  Hampton  there  are  some  new 
cuts  which  show  a  comparatively  thin  sheet  of  Buchanan 
gravels  lying  between  beds  of  blue  Kansan  and  yellow  lowan 
drift.  At  one  point  the  lowan  till  arches  over  a  low,  narrow 
ridge  of  the  gravels.  Farther  on,  the  Buchanan  deposit  be- 
comes thicker,  and  the  bottom  of  the  cut,  occupied  by  the  sandy 
phase  of  the  formation,  is  above  the  surface  of  the  Kansan 
drift. 

It  is  not  necessary  nor  would  it  be  profitable,  to  mention  all 
the  observed  exposures  of  the  upland  gravels.  From  descrip- 
tions already  given  anyone  interested  will  be  able  to  recognize 
these  beds  at  sight.  For  the  purpose  merely  of  indicating  their 
general  distribution,  reference  may  be  made  to  a  typical  section 
in  a  road  cut  on  the  west  side  of  the  southwest  quarter  of  the 
southwest  quarter  of  section  3,  Fredricksburg  township,  and  to 
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another  near  the  opposite  comer  of  the  county,  in  the  south- 
east quarter  of  the  southeast  quarter  of  section  21,  in  the  north- 
em  part  of  Deerfield  township,  within  less  than  a  mile  of  the 
Howard  county  line.  Another  excellent  example  occurs  in  a 
cut  made  for  the  wagon  road  through  a  high  ridge  near  the 
southeast  corner  of  the  northeast  quarter  of  section  9,  Chicka- 
saw township.  This  is  probably  the  thickest  deposit  of  the 
gravels  found  in  the  county.  Near  the  bottom  of  the  hill  there 
are  a  number  of  small  springs  and  seeps,  presumably  at  the 
line  of  contact  of  the  gravels  with  the  underlying  KaJnsan 
clay.  On  the  upland  one-half  mile  east  of  Chickasaw  there  is 
a  pit  deserving  notice  for  the  reason  that  from  it  has  been 
taken  the  material  for  making  one  of  the  best  pieces  of  road 
in  the  county,  that  between  Ionia  and  Chickasaw.  An  exposure 
of  the  upland  type  of  gravels  is  seen  in  an  unusual  position 
at  the  north  end  of  Brasher  street  in  the  city  of  Njashua.  The 
bed  occurs  only  a  few  feet  above  the  levej  of  the  Cedar  river, 
and  yet  it  shows  none  of  the  characteristics  of  the  valley  phase 
of  these  deposits. 

Valley  Phase. — The  valley  gravels  are  so  universally  dis- 
tributed along  all  streams  that  it  seems  scarcely  necessary  to 
do  more  in  discussing  their  distribution  than  simply  to  men- 
tion the  fact.  There  are  extensive  deposits  about  Lawler.  Far- 
ther up  Crane  creek  the  valley  gravels  take  the  form  of  fairly 
well  defined  terraces,  as  near  Jerico  in  Jacksonville  township. 
Along  the  Little  Cedar  from  above  Bassett  to  Bradford  there 
is  an  almost  continuous  sheet  of  gravel  covering  the  bottom 
of  the  valley.  The  broad  bottom  lands  through  which  the  con- 
verging branches  of  the  Wapsipinicon  flow  in  Dayton  township, 
are  underlain  with  gravel  which  affords  perfect  underdrainage 
to  what  would  otherwise  be  wet  and  swampy  land.  It  will 
be  sufficient  to  say  that  every  stream  course  of  any  consequence 
has  its  valley  trains  and  that  no  part  of  the  county  is  far  re- 
moved from  an  abundance  of  the  best  possible  materials  for 
the  improvement  of  the  country  roads. 
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Stone. 

The  Devonian  limestones  are  believed  to  comprise  the  sur- 
face country  rock  over  the  entire  county,  with  the  chief  sections 
exposed  along  the  most  important  streams,  especially  in  the 
western  tier  of  townships.  According  to  Professor  Calvin,  the 
beds  are  more  or  less  magnesian  throughout  the  entire  series 
exposed,  some  of  the  beds  being  so  completely  dolomitized  as  to 
resemble  certain  phases  of  the  Niagaran  limestone  in  Delaware 
and  Dubuque  counties.  The  predominating  facies  is  a  soft, 
earthy  to  granular,  noncrystalline  limestone,  oftentimes  cav- 
ernous. Crystalline  calcite  geodes  are  not  uncommon.  Bough 
stone  for  local  use  only  has  been  taken  out  from  time  to  time 
at  numerous  points  in  the  county,  and  lime  has  been  burned  on 
a  small  scale  until  recently,  in  the  vicinity  of  Chickasaw. 

The  section  located  near  the  wagon  bridge  in  Chickasaw 
shows  twenty-five  feet  of  heavy-bedded  dolomite,  which  is  much 
broken  toward  the  surface  on  account  of  weathering.  Lower 
down  the  beds  are  intersected  by  numerous  joints.  A  large 
amount  of  chert  in  streaks  and  bands  is  a  striking  feature  of 
this  section,  and  one  very  unusual  in  the  Devonian. 

A  section  which  occurs  about  one  mile  north  of  Chickasaw, 
illustrates  a  flaggy  facies  of  the  Devonian.  The  stone  as  usual 
is  highly  magnesian  and  occurs  in  thin,  even  layers,  varying 
from  two  to  six  inches  in  thickness.  There  are  numerous  calcite 
lined  caverns  and  some  very  perfect  calcareous  geodes  present. 

A  fairly  representative  section  showing  the  variable  char- 
acter of  the  Devonian  beds  as  developeci  in  the  county,  is  ex- 
posed in  the  southeast  quarter  of  section  3,  Deerfield  township. 
The  sequence  is  as  follows : 

FEET. 

7.    Loam  and  drift - 2 

6.    Limestone,  thin-bedded,  earthy  and  ibadly  weathered 3 

5.    Limestone,  hard  ledge;  drab  colored,  purer  and  more  crystal- 
line than  4   and  6    Va 

4.    Limestone,  thin-bedded;  becomes  marly  and  concretionary 
on  weathering ; . .      2 

3.    Shale,  arenaceous,  yellow  and  plainly  laminated 4 

2.    Limestone,  hard,  dark  gray,  layers  six  to  ten  Inches  In  thick- 
ness and  now  forms  floor  of  the  quarry 2 

1.    Limestone,  hard,  not  now  exposed,  but  was  quarried  for- 
merly        3 
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It  is  evident  from  a  casual  inspection  of  the  above  section 
that  the  overburden  of  drift  and  worthless  material  is  practi- 
cally prohibitive.  While  certain  ledges  at  numerous  other 
points  yield  excellent  structural  material  and  stone  of  suitable 
composition  for  a  good  quality  of  lime,  the  high  proportion 
of  waste  which  must  be  handled  makes  a  large  production  im- 
probable. The  waste  materials  are  as  a  rule  not  sufficiently 
indurated  for  satisfactory  crushed  stone  products. 


Fio.   19 — Quarry  Id  cherty  dolomltic  beds  at  the  Oypldula  comli 
distance   above   the   bridge   at   ChlckaHaw. 

The  Chidtasaw  quarry  jnst  above  the  wagon  bridge  repre- 
sents a  long  narrow  strip  extending  north  and  shows  the  fol- 
lowing sequence  of  beds: 
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4.    Stripping    1+ 

3.  Umeatone,  dolomltlc,  gray,  eartliy,  flne-srolned,  mncb  bro- 
ken and  mixed  with  clay;   BlUceoue   6 

2.  Dolomite,  gray,  darker  than  Nos.  1  aad  3;  thin  bedded,  beds 
separated  by  thin  chert  bands  In  lower  half;  some  chert  and 
calcite  throughout;  roBslllferons  and  HlUceous 10 

1.  Dolomite,  gray,  earthy,  fine  even  grained,  less  i^hert  and 
more  CBlcit«.  grades  up  to  8  Inches  In  diameter;  calcite 
througbout ;  fossIliferouB  and  siliceous  10 
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These  beds  furnish  materials  of  fair  quality  for  road  and 
concrete  work.  Numerous  outcrops  appear  to  the  north  but 
little  quarrying  has  been  done.  .  The  Huffman  and  Herman 
quarries  do  not  show  anything  new.  The  stone  used  in  the 
construction  of  the  North  Washington  church  was  obtained 
from  a  quarry  located  near  the  middle  of  section  4,  Chickasaw 
township,  on  the  H.  M.  Lighthall  farm.  The  quarry  shows  beds 
less  magnesian  than  the  beds  exposed  in  the  Chickasaw  quarry. 

CLARKE  COUNTY. 
Sand  and  Gbavei^ 

The  interglacial  gravels  are  almost  wholly  concealed  in 
Clarke  county  and  the  present  streams  have  done  but  little 
work  in  the  classification  and  accumulation  of  materials  suit- 
able for  road  and  concrete  work.  The  loess-covered  Kansan 
drift  is  the  surface  material,  the  old  leached  and  iron-stained 
surface  clays  being  visible  everywhere. 

The  only  possible  source  of  sand  in  the  county  (the  quantity 
of  gravel  is  negligible)  are  the  bars  and  beds  in  the  streams. 
Some  of  these  beds,  while  not  very  deep,  are  quite  persistent, 
notably  in  Squaw  creek  west  and  northwest  of  Osceola.  The 
creeks  are  commonly  dry  in  the  summer  months,  and  the  bot- 
toms are  lined  with  sands  which  have  been  accumulated  from 
the  washed  materials  from  the  hills.  This  sand  consists  for 
the  most  part  of  fine  grains  of  quartz,  and  is  usually  quite  dirty. 
Occasionally  a  small  amount  is  clean  and  white,  but  most  of 
it  carries  a  high  percentage  of  clay  washed  in  from  the  neigh- 
boring slopes. 

Boad  and  bridge  contractors  and  others  report  that  occa- 
sional small  pockets  of  dirty  gravel  have  been  encountered 
in  the  drift  hills,  but  none  of  these  has  been  known  to  contain 
more  than  a  few  yards.  Practically  all  of  the  sand  and  gravel 
used  for  concrete  and  other  purposes  in  the  county  is  shipped 
from  Des  Moines  or  other  towns  on  Des  Moines  river  which 
are  within  reasonable  shipping  distance. 
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STomc 

The  Missouri  underlies  practically  the  whole  of  Clarke 
county,  but  good  exposures  are  rare,  owing  to  the  heavy  drift 
mantle  and  the  nonindurated  character  of  the  stratified  rocks. 
Limestone  beds  outcrop  along  the  south  branch  of  Whitebreast 
creek  in  Green  Bay  township,  about  six  miles  south  of  Osceola, 
and  numerous  crops  appear  along  the  south  branch  of  Squaw 
creek  in  Ward  township.  Several  quarries  have  been  opened 
along  the  creek  last  named,  and  a  large  quantity  of  stone  has 
been  quarried  and  used  for  foundations  in  the  principal  resi- 
dences and  many  of  the  business  blocks  in  Osceola.  Two  quarry 
sections  given  below  aflford  a  fair  idea  of  the  beds  of  commer- 
cial value. 

The  Carpenter  quarry,  located  four  and  one-half  miles  north- 
west of  Osceola,  and  about  one-fourth  mile  west  of  Squaw 
creek : 

FEET. 

5.  Drift,  with  limestone  bowlders,  variable  in  thickness;   at- 

tains great  thickness  in  the  bluff,  at  the  face 2-4 

4.  Limestone,  hard,  brittle;  ledges  uneven,  gray  to  blue,  weath- 

ers almost  white;  f ossllif erous ;  2  to  4  inch  clay  partings 
near  the  base 7 

3.  Limestone,  shaly  to  clayey,  in  places  clay  only 1 

2.  Limestone,  hard,  tough,  fossillf erous;  ranges  from  gray  to 

blue.    The  upper  layers  are  fairly  even,  and  range  from 
6  to  8  inches  in  thickness 4 

1.  Shale,  exposed  4 

The  following  section  is  taken  from  the  vicinity  of  Short's 
quarry,  which  is  located  in  the  northwest  quarter  of  the  south- 
cast  quarter  of  section  2,  Ward  township: 

FEET. 

7.     Drift  and  weathered  limestone  4-10 

6.  Residual  clay  1V« 

5.  Ck)mpact,  gray  limestone  in  5  ledges:  8  inch,  14  inch,  2  inch, 

2  inch  clay  parting,  4  inch,  1  inch  clay  parting,  14  inch 
ledge.    Total 3% 

4.  Fosslliferous,  gray  limestone  separated  from  number  3  by  2 

inches  of  clay  1V« 

3.  Buff  limestone,  hard  and  fosslliferous  below,  separated  by 

thin  clay  seams  1 

2.  Soft,  weathered  limestone 1 

1.     Buff  limestone,  passing  into  gray,  fosslliferous  ledges  be- 
low         2V« 
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Building  stone  only  has  been  produced.  The  entire  assem- 
blage of  beds  is  well  adapted  for  crushed  stone  products, 

One-half  mile  farther  up  this  creek  at  the  Carter  quarry,  the 
limestone  is  seen  to  rest  on  a  heavy  bed  of  yellow  to  bluish 
calcareous  shale,  nine  feet  thick,  eight  inches  of  which  are 
exposed. 

CLAY  COUNTY. 
Sand  and  G^bavel. 

The  gravel  and  sand  deposits  of  Clay  county  are  similar  in 
nearly  every  respect  to  those  of  Dickinson  county.  The  flood 
waters  from  the  melting  ice  carried  down  large  amounts  of 
material  which  choked  the  stream  channels,  and  which  appear 
today  as  terraces  above  the  present  flood  plain.  The  morainal 
area  in  the  eastern  part  of  the  county  furnishes  materials  de- 
posited by  the  ice  in  the  glacial  hills,  but  these  are  much  in- 
ferior in  amount  and  quality  to  the  river  gravels. 

Stream  Terraces. — The  Little  Sioux  river,  by  far  the  most 
important  stream  in  Clay  county,  was  one  of  the  principal  out- 
lets for  the  glacial  flood  waters.  Deposits  of  gravel  and  sand 
have  been  noted  along  it  far  up  into  Dickinson  county  (see  that 
report),  and  they  become  of  even  more  importance  through 
Clay  and  Cherokee. 

In  the  report  on  Dickinson  county  mention  in  some  detail 
will  be  made  of  the  Milford  terrace.  This  terrace  proper  has 
no  direct  relation  to  any  stage  of  the  present  stream,  the  ma- 
terials having  been  deposited  by  an  older  river,  doubtless  fol- 
lowing the  same  general  direction,  but  at  a  much  higher  level. 
There  is  however  a  lower  terrace  that  may  be  followed  from 
Milford  south  which  seems  to  bear  a  much  closer  relation  to 
the  present  stream. 

The  high  Milford  terrace  grows  rapidly  less  prominent  when 
the  Clay  county  line  is  crossed,  and  it  is  of  no  consequence 
more  than  three  miles  south  of  this  point.  Gravels  belonging 
to  it  may  be  seen  in  sections  1  and  2,  Waterf  ord  township,  be- 
yond which  they  blend  into  the  general  upland. 

The  low  terrace  flat,  which  has  been  referred  to  as  probably 
the  work  of  the  present  stream,  appears  to  expand  and  to  be 
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continuous  with  the  great  broad  plain  which  lies  west  of  the 
river  all  the  way  to  Spencer.  As  will  be  noted  in  connection 
with  Dickinson  county,  this  bench  is  due  to  drift  whose  surface 
has  been  leveled  by  a  layer  of  gravel.  This  bench  occupies  the 
broad  flat  between  Little  Sioux  and  Ocheyedan  rivers  all  the 
way  from  Spencer  to  Everly. 

These  gravels  are  exposed  at  many  road  crossings  along  the 
river,  as  between  sections  6  and  7,  and  in  sections  20,  28  and 
on  down  the  river.  The  bed  is  seldom  over  eight  or  ten  feet 
in  depth,  and  rests  upon  drift  clay  which  extends  up  perhaps 
fifteen  feet  above  water.  The  contact  is  evident  from  a  bog 
spring  line  along  the  escarpment.  It  is  often  possible  to  get 
the  gravels  with  but  little  stripping,  but  the  depth  of  cover  in- 
creases back  from  the  stream. 

Above  Spencer  there  is  no  well  defined  terrace  on  the  east 
side  of  the  river,  but  a  more  or  less  gradual  slope  blends  into 
the  upland.  Oftentimes,  however,  near  the  river  and  for  some 
distance  back,  redistributed  recent  dirty  gravels  are  opened  up 
and  serve  very  well  for  road  materials.  Such  may  be  seen  on 
the  south  sides  of  sections  5  and  6,  southeast  and  southwest  cor- 
ners of  section  21,  southeast  corner  of  section  26,  all  in  Summit 
township. 

Although  the  whole  broad  flat  between  Spencer  and  Everly 
is  underlain  by  gravels  they  are  seldom  encountered  in  ordi- 
nary shallow  excavations.  It  is  usually  possible  to  obtain  at 
little  depth  most  excellent  clean  fine  gravel  and  sand  in  which 
the  largest  pebbles  are  seldom  over  one  inch  in  diameter.  The 
best  exposure  is  at  the  wagon  bridge  just  west  of  Spencer  where 
a  pit  has  been  opened.  The  gravels  may  be  seen  occasionally 
at  other  places,  as  in  section  7,  southwest  corner  of  15,  north- 
west corner  of  23,  and  southwest  corner  of  13,  Eiverton  town- 
ship. 

Southeast  of  Spencer  the  river  valley  narrows  rapidly.  At 
and  east  of  Spencer  the  gravels  underlie  the  plain  on  both  sides 
of  the  river  aild  are  made  use  of  at  many  points.  In  the  city 
pit  near  the  northeast  corner  of  section  19,  the  gravel  is  cov- 
ered with  two  or  three  feet  of  soil  and  alluvium  and  is  itself 
permeated  with  yellow  clay.    Six  feet  of  gravel  are  available 
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here,  part  of  which  is  cemented  by  a  calcareous  cement.  The 
top  coarse  bed  rests  upon  cleaner  material  below,  the  latter 
being  three  or  four  feet  deep  to  water  level.  At  the  top  of  the 
sand  is  a  band  of  iron-stained  coarse  pebbles. 

Excavations  in  the  streets  of  Spencer  show  the  same  clayey 
gravel  above,  but  fine  clean  gravel  and  sand  below  ten  or  twenty 
feet. 

Besides  these  there  are  three  or  four  pits  close  by  showing 
the  same  beds.  One  is  that  of  W.  I.  Harris,  and  another  at  the 
tile  plant  in  the  north  part  of  the  city.  An  open  pit  in  the 
middle  of  the  west  side  of  section  19,  Freeman  township,  has 
supplied  some  gravel  for  the  town  of  Dickens,  but  this  city 
now  gets  its  materia]  along  the  stream  southeast  of  town. 

South  from  sections  25  and  26,  Sioux  township,  the  terrace 
gravels  occur  only  in  isolated  patches  as  low  benches,  more  often 
on  the  east  than  on  the  west  side  of  the  river.  The  bench  is 
inconspicuous,  but  may  be  observed  on  both  sides  of  the  river 
at  the  north  side  of  section  2,  Gillett  Grove  township,  and  also 
east  of  the  stream  at  the  town  of  Gillett  Grove.  It  affords  good 
gravel  for  any  purpose,  but  is  usually  covered  with  two  to  four 
feet  of  sandy  or  loamy  black  wash,  which  has  apparently  been 
a  hindrance  to  a  more  common  and  much  needed  use  on  river 
bottom  roads  in  general. 

The  moraine  at  Gillett  Grove  seems  to  have  given  new  mate- 
rial, and  from  this  point  on  south  high  gravels  appear  capping 
jutting  hills  of  drift.  They  appear  kamelike,  but  in  Herdland 
township,  especially  in  sections  16,  21,  22,  27,  33  and  34  the 
bench  is  such  as  to  leave  no  question  of  these  knobs  being  rem- 
nants of  a  high  terrace  twenty-five  to  thirty-five  feet  above 
water.  Where  the  river  cuts  back  across  the  corner  of  the 
county  at  Peterson  the  gravel  terraces  are  sometimes  a  bare 
veneer  on  drift  and  again  deep  deposits.  West  of  Peterson 
and  in  the  edge  of  O'Brien  county  is  a  well  defined  bench,  and 
gravels  are  exposed  at  many  points  along  the  railway.  These 
are  twenty-five  to  forty  feet  above  the  water. 

There  are  no  gravels  along  Meadow  brook  or  the  large  stream 
which  is  the  outlet  of  Trumbull  lake. 
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On  Willow  creek  below  Greenville  the  railway  has  used  gravels 
from  the  hill  tops.  These  seem  to  be  a  part  of  the  high  bench 
of  the  Sioux. 

Buchanan  Gravels. — ^Along  the  streams  that  have  deeply  in- 
cised the  drift  south  of  Spencer  there  are  often  exposed  and 
used  iron-stained  gravels  that,  in  position  beneath  a  loesslike 
cover  and  passing  down  into  the  drift  itself,  bear  the  same  re- 
lationships as  are  so  common^ly  found  in  Lyon  and  Sioux 
counties.  Professor  Wilder  calls  the  drift  in  these  latter 
comities  Kansan,  to  which  the  Clay  county  drift  bears  a  close 
resemblance.  Such  gravels  are  opened  and  used  at  the  south- 
east corner  of  section  3,  Gillett  Grove  township.  There  is  also 
a  clayey  phase  of  the  same  which  is  good  for  road  material  on 
the  east  side  of  the  northeast  quarter  of  section  10. 

At  Gillett  Grove  gravels  similar  in  character  to  these  are 
taken  from  the  road  at  the  southwest  comer  of  section  30, 
Logan  township.  These  are  coarse  and  highly  iron-stained,  the 
abundant  granites  being  all  weathered  so  that  the  shovel  cuts 
easily  through  them.  They  are  covered  by  four  to  five  feet  of 
material  which  is  not  loess,  but  is  loesslike  except  for  the  pres- 
ence throughout  of  small  igneous  pebbles  up  to  an  inch  or  so 
in  diameter. 

Morainal  Gravels. — The  Altamont  moraine,  the  ridge  of 
knobby  hills  which  marks  the  terminus  of  the  Wisconsin  drift 
sheet,  crosses  the  eastern  portion  of  Clay  county,  its  maximum 
advance  over  the  border  being  some  seven  miles,  as  determined 
by  Macbride.  South  of  Ruthven,  in  Palo  Alto  county,  morainal 
knobs  may  be  seen,  and  there  are  others  in  northeastern  Clay 
countv.  Some  isolated  knobs  of  th«  Ruthven  moraine  in  east- 
em  Clay  county  are  composed  almost  entirely  of  gravels.  There 
is  a  mound  of  this  type  just  south  of  Elk  lake. 

Near  the  northeast  corner  of  section  36,  Gillett  Grove  town- 
ship, is  an  old  pit  far  up  on  the  hillside.  The  features  here 
appear  morainic  and  although  Macbride  maps  the  moraine  a 
quarter  of  a  mile  to  the  Qast,  these  are  no  doubt  kame  gravels. 
A  number  of  gravelly  points  lead  to  the  southeast.  The  gravel 
is  coarse,  and  there  is  said  to  be  little  if  any  sand.    There  ap- 

12 
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pears  to  be  an  unlimited  quantity  of  gravel  here,  and  all  from 
the  level  of  the  railroad  to  thirty  or  forty  feet  above. 

These  exposure  are  types  of  what  Inay  possibly  be  found  in 
any  of  the  knobs  of  this  moraine.  As  a  source  of  local,  and 
perhaps  even  more  than  local  supply,  these  drift  hills  consti- 
tute a  gravel  resource  that  is  well  worthy  of  investigation. 

CLAYTON  COUNTY. 
Sand  and  Gravel. 

The  gravel  supplies  of  Clayton  county  seem  to  be  confined 
chiefly  to  the  major  stream  valleys,  although  there  are  some 
deposits  on  the  uplands.  There  do  not  seem  to  be  many  rem- 
nants of  the  old  filling  of  the  Mississippi  valley,  chiefly,  per- 
haps, because  the  main  channel  is,' along  a  considerable  part  of 
the  county's  extent,  close  to  the  Iowa  side  and  so  has  cut  away 
what  deposits  were  formerly  present.  The  town  of  Guttenberg, 
however,  is  built  upon  a  terrace  of  gravel  which  extends  along 
the  foot  of  the  bluffs  for  nearly  three  miles.  This  terrace  is 
about  twenty  feet  high  at  the  river  edge  at  the  middle  of  its 
extent  and  slopes  away  from  the  stream.  It  gradually  fades 
out  north  of  the  town,  where  it  is  only  four  or  five  feet  above 
the  river,  and  to  the  south  it  merges  with  the  flood  plain  of 
Miners  creek.  Just  south  of  the  creek  is  a  terrace  of  similar 
gravel  which  has  been  extensively  used  by  the  Chicago,  Mil- 
waukee &  Saint  Paul  Railway  Company  for  ballast. 

The  small  valleys  opening  into  the  Mississippi  do  not  carry 
any  terraces  or  other  extensive  bodies  of  gravel  or  sand,  so 
far  as  can  be  observed.  Some  of  the  creeks  contain  high  banks 
or  terraces  but  these  seem  to  be  composed  of  other  material, 
perhaps  waterlaid  clays  and  silts. 

The  most  important  sources  of  supply  of  gravel  and  sand 
for  this  county  are  the  gorges  of  Turkey  and  Volga  rivers. 
Practically  exhaustless  stores  are  found  here  and  these  will  be 
increasingly  useful  as  their  value  becomes  better  appreciated. 
The  wide  plain  through  which  the  Turkey  meanders  across 
Marion  township  contains  no  well-developed  terraces  although 
some  patches  of  rather  fine  sand  are  present.  All  along  its  course 
through  Boardman  township,  however,  terraces  are  abundant 
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^iidL  of  considerable  size.  In  the  vicinity  of  Elkader  these  are 
esi>^<iftUy  large  and  prominent.  A  considerable  part  of  the  town 
le  east  side  of  the  river  is  built  on  terrace  material  and  there 
^so  some  extensive  banks  on  the  west  side.  Near  the  depot 
ffi  j>i  -fc  has  been  opened  up  and  shows  interstratified  oxidized  sand 
and  gravel  with  a  considerable  proportion  of  foreign  pebbles 
and  limestone  fragments.  The  bed  is  quite  typical  of  the  Bu- 
qIxslmcm.  xm  gravels. 

JOSS  the  river  and  about  two  blocks  north  of  the  bridge  an- 
pit  was  opened  some  years  ago  and  showed  two  to  four 


feot  of  fine  day  above,  then  five  feet  of  very  coarse  material  con- 
si  sl^^iaag  of  limestone  fragments,  many  somewhat  waterworn, 
aixTTM^^rous  foreign  pebbles  and  rather  coarse  sand.  The  upper 
six:  3L:iiches  are  much  rusted  and  somewhat  indurated.  Below 
ttiis  <3oarse  bed  come  six  to  eight  feet  of  somewhat  finer  gravels 
wi-tlx      less  limestone.    This  layer,  like  that  above  it,  shows  no 

The  bed  below  it,  extending  to  the  bottom  of  the  pit, 

sts  of  rather  fine  gravels,  strongly  cross-bedded,  with  some 

la.yex-s  coarser  than  others.    This  gravel  is  said  to  make  excel- 

^^^t    concrete  as  it  packs  very  well  and  needs  less  cement  than 

gravels.    The  terrace  extends  one-half  mile  up  the  river. 

the  northwest  quarter  of  section  26,  Boardman  township, 

ttie  xriver  makes  a  bend  to  the  west,  and  impinges  against  a  bank 

*^^'ty  feet  high.    It  has  made  a  good  exposure  of  the  materials 

filing  the  old  valley  at  this  point.    The  lower  part  of  the  ex- 

'e  consists  of  silts  and  clays  with  interbedded  sands.    The 

_  er  ten  or  fifteen  feet  are  gravel  and  sand  layers  intercalated. 

^^^^QQe  of  the  coarser  layers  are  iron-stained  and  are  red  or  dark 

^'^.    About  eight  feet  of  loess  overlies  these  beds.    This  ter- 

extends  some  distance  toward  the  town  and  the  Catholic 

is  built  upon  it. 

bout  half  a  mile  almost  directly  east  of  here,  across  the 
r,  the  terrace  is  well  exposed  along  the  railroad.  It  is  about 
feet  high  and  is  covered  by  three  or  four  feet  of  loess.  The 
«r  part  is  stained  with  iron,  especially  in  its  coarser  por- 
s.  There  is  much  waterworn  limestone  in  the  upper  few 
The  lower  part  is  apparently  finer.    This  terrace  has  an 
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of  the  sand  beds  of  this  valley  are  at  considerable  elevations 
above  the  river  and  at  unusual  distances  from  it.  This  is  espe- 
cially true  in  sectipns  12  and  13  of  Sperry  township,  where  sandy 
hills  are  found  nearly  a  mile  from  the  river  and  at  elevations 
of  about  150  feet  above  the  stream.  These  may  possibly  be  of 
aeolian  origin.  Bowlders  are  also  quite  abundant  in  this  locality. 

At  Littleport  there  is  an  extensive  bank  along  the  railroad 
composed  of  clean,  yellow,  rather  fine  sand  with  some  pebbles 
ap  to  one  or  two  inches  in  diameter.  These  are  of  the  usual 
foreign  types,  limestone  and  chert.  The  structure  of  the  bank 
seems  to  be  the  same  from  top  to  bottom,  a  distance  of  about 
forty  feet,  except  that  a  thin  stratum  at  the  top  is  somewhat 
oxidized  and  is  rather  coarser  than  the  material  below.  About 
three  feet  of  loess  overlie  the  sands.  Similar  deposits  are  found 
across  the  river  and  also  between  this  point  and  Elkport. 

Several  deposits  of  upland  gravels  are  found  near  the  Volga. 
In  sections  4  and  5  of  Sperry  township  there  are  coarse  gravels 
and  finer  reddened  sands  100  feet  above  the  river.  On  top  of  a 
ridge  in  the  southwest  comer  of  section  27,  Volga  township,  is 
a  bed  of  coarse  gravel  with  some  large  bowlders.  On  the  hill  in 
section  35,  just  west  of  Elkport,  is  a  bed  of  badly  weathered 
gravel  with  large  amounts  of  coarse  material,  chert  and  foreign 
pebbles.  A  similar  bed  occurs  on  a  hillside  in  the  southeast 
quarter  of  section  36.  Again  on  a  hillside  in  section  17  of  the 
same  township,  Volga,  are  exposed  about  eight  feet  of  coarse, 
red,  ferruginous  gravels  with  abundant  cobblestones  of  quartz, 
granite  and  other  varieties,  many  of  them  much  decayed.  One 
or  two  feet  of  loess  cover  the  gravels.  A  little  farther  down  the 
road  is  another  exposure  of  similar  materials. 

A  little  Buchanan  gravel  shows  at  the  roadside  on  the  north 
line  of  section  24,  Clermont  township,  Fayette  county,  one-fourth 
mile  north  of  the  Williams  quarry.  This  is  evidently  an  outlier 
from  a  larger  area  which  is  exposed  in  Grand  Meadow  town- 
ship, Clayton  county.  A  pit  has  been  opened  in  this  in  the 
southeast  quarter  of  section  18,  Grand  Meadow,  on  the  Williams 
farm^  and  exposes  a  bank  thirty  feet  high.  From  this  point  the 
^deposit  extends  southeast  along  the  northeast  face  of  the  long 
ridge  which  is  capped  by  Niagaran  limestone.    It  is  found  in 
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sections  19,  20,  28  and  across  a  gap  in  the  Niagaran  south  to  the 
Turkey  river  across  Marion  township.  One  well  sunk  in  the 
gravel  is  reported  to  have  found  a  thickness  of  100  feet  above 
the  rock. 

All  of  the  major  divisions  of  the  Ordovician  are  well  devel- 
oped in  Clayton  county  and  all  supply  products  of  economic  im- 
portance. The  principal  quarry  horizons  are  confined  to  the 
Prairie  du  Chien  and  Galena-Platteville.  The  outcrops  of  the 
Prairie  du  Chien  formation  are  confined  to  the  Mississippi  river 
and  its  inmiediate  tributaries  in  Mendon  and  Clayton  tov^ships, 
disappearing  under  the  river  a  short  distance  north  of  Gutten- 
berg.  For  the  most  part  the  Oneota  division  is  composed  of  a 
coarse,  vesicular  dolomite,  varying  from  light  gray  to  buff  in 
color  and  showing  but  few  bedding  planes.  The  lower  thirty  or 
forty  feet  are  in  ledges  varying  from  two  to  four  feet  in  thickness 
and  have  been  quarried  at  several  points  near  McGregor  and 
North  McGregor.  The  beds  near  the  top  are  sometimes  cherty 
and  some  of  the  beds  carry  an  abundance  of  calcite  in  the  cav- 
erns. Above  the  quarry  ledges  the  dolomite  is  more  massive, 
coarser  in  texture  and  shows  a  decidedly  pitted  surface  when 
weathered.  As  a  general  rule  the  upper  fifty  feet  of  the  Prairie 
du  Chien  contains  thin  bedded  sandy  or  shaly  layers  aggregat- 
ing about  fifteen  feet,  which  are  overlain  by  brecciated  and  con- 
cretionary beds,  the  Shakopee,  aggregating  a  thickness  of  about 
forty  feet.  While  the  Prairie  du  Chien  attains  a  thickness  of 
more  than  two  hundred  feet  in  the  county,  only  the  lower  beds 
already  described  have  been  quarried,  and  even  these  only  in 
a  small  way. 

The  Galena-Platteville  supplies  two  well  known  quarry  hori- 
zons which  correspond  in  a  general  way  to  the  ** Lower'*  and 
''Upper''  quarry  beds  of  Dubuque  and  other  counties.  The 
lower  horizon  is  sometimes  known  as  the  "Lower  Buff  Beds" 
and  consists  of  a  fine-grained  magnesian  limestone  which  occurs 
in  layers  ranging  from  eight  inches  to  three  or  even  four  feet 
in  thickness.  It  is  blue  on  fresh  faces  but  upon  exposure  weath- 
ers to  a  buff  color.  It  breaks  readily  along  bedding  planes  into 
slabs  of  almost  any  thickness  and  is  cut  by  sufficient  vertical  joint 
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planes  to  facilitate  quarrying.  These  lower  beds  are  being  de- 
veloped near  McGregor  and  Guttenburg  and  are  easily  available 
at  numerous  other  points.  They  comprise  a  thickness  of  from 
fifteen  to  twenty  feet.  The  lower  quarry  beds  are  overlain  by 
thin-bedded,  very  fine-grained  and  compact  limestone  somewhat 
unevenly  bedded  and  light  blue-gray  in  color.  In  places  these 
beds  are  decidedly  marly  in  character.  They  attain  a  thickness 
of  twenty-five  to  thirty-five  feet.  These  thin  beds  are  overlain  by 
the  ** Green  Shales"  of  the  Minnesota  geologists.  The  second 
important  quarry  horizon  is  near  the  top  of  the  Galena-Platte- 
ville  and  develops  the  dolomitic  beds  of  the  Galena.  Numerous 
quarries  have  been  opened  in  these  beds,  including  those  in  the 
vicinity  of  Monona,  Elkader,  Garnavillo,  St.  Olaf,  Farmersburg, 
in  Cox  Creek  township,  the  lime  kilns  at  Guttenberg  and  numer- 
ous other  points.  The  upper  Galena  comprises  a  heavy  bedded, 
suborystalline  dolomite,  rather  coarsely  granular,  more  or  less 
vesicular  and  buff  in  color.  It  weathers  very  irregularly  and 
presents  a  rough  pitted  surface  when  long  exposed.  The  beds 
vary  in  thickness  from  a  few  inches  to  five  feet  or  more.  The 
heavy  beds  often  grade  downward  into  a  less  heavily  bedded 
mottled  zone  which  is  only  slightly  dolomitic.  A  few  representa- 
tive sections  of  the  Galena-Platteville  are  given  herewith : 

CLAYTON  SECTION. 

FBSTT. 

11.  Dolomite,  heavy  bedded  (Galena)   150 

10.  Shale,  green,  at  the  top  of  the  Platteville 2-3 

9.  Limestone,    similar   to   No.    7 8 

8.  Shale,  bluish  green 2 

7.  Limestone,  In  regular  beds  four  to  eight  inches  thick, 
very  fine-grained  and  compact,  blue  and  buff  In  color. 
Occurs  In  thicker  layers  than  No.  5 15 

6.    Shales,  green,  calcareous,  containing  lenses  and  bands  of 
limestones  rich  In  fossils.     Among  ithe  moat  common  are 
Orthis  aubaeqwata  and  branching  montlcullporolds 5 

5.  Limestone,  thin-bedded  and  compact,  with  marly  layers 
one  to  two  Inches  thick  separating  many  of  the  beds. 
Latter  are  Irregular  In  thickness  and  range  from  one  to 
three  Inches.  The  marly  partings  do  not  always  appear 
on  fresh  joint  faces  but  stand  out  on  weathered  surfaces    26 

4.  Llme&tone,  dolomitic,  compact,  blue  when  fresh  but  weather- 
ing to  buff  on  exposure;  in  even  beds  eight  inches  to  two 
feet  thick,  contains  few  or  no  fossils.  The  quarry  beds 
at  Guttenberg  and  McGregor  and  the  "Lower  Bluff  Beds"  of 
some  writers  • 25 
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FEET. 

3.  Shale,   green,   immediately  overlying  the  St  Peter  sand- 

stone          2 

2.  Sandstone   (St  Peter)    86 

1.  Limestone,  Prairie  du  Chien,  to  low  water  in  Mississippi. .     90 

GUTTBNBERO  SBCJTION. 

FEET. 

5.  Limestone,  dolomitic.  in  heavy  ledges,  vesicular,  coarse,  buff 
colored,  the  typical  Galena  dolomite 100 

4.  Limestone,  magnesian,  in  beds  two  and  three  inches  to  one 

foot  thick,  mottled  gray  and  buff,  only  partially  dolomltized 
and  containing  stz^teen  per  cent  of  magnesium  carbonate; 
part  of  the  rock  is  very  flne-grained,  compact  and  gray 
colored,  while  other  portions  are  buff  and  have  a  rough, 
coarser  feel.  Contains  some  chert  in  bands  and  scattered 
nodules.  In  these  beds  are  located  the  quarries  supplying 
rock  for  the  lime  kilns  at  the  base  of  the  bluff 60 

3.  Limestone,   gray,   nonmagnesian>  flne-grained,  compact,  In 

thin  and  uneven  beds.    Lower  portion  not  well  exposed  on 
the  ridge,  since  it  is  partially  covered  with  talus  and  soil. .     86 

2.  Limestone,  dolomitic,  blue  when  fresh  but  weathering  to 

buff,  beds  eight  inches  to  two  feet  thick.    In  these  "Lower 
Buff  Beds"  the  quarries  are  located    16 

1.  Sandstone,  Saint  Peter,  not  exposed  here,  but  known  to  rise 

ten  feet  above  the  river. 

ELKADER  SECTION. 

FEET. 

5.  Dolomite,  light  blue,  rather  compact,  in  ledges  six  inches 

to  two  feet  thick.    Some  of  the  upper  strata  are  separated 
by  thin  layers  of  reddish  fissile  shale  26 

4.  Dolomite,  light  gray  to  buff,  containing  many  small  cavities, 

ledges  varying  In  thickness  from  one  to  five  feet,  most  of 
them  being  over  two  feet  thick 25 

3.  Dolomite,  buff,  massive,  weathers  irregularly,  forming  pitted 

surfaces 70 

2.  Unexposed    35 

1.  Limestone,  nonmagnesian,  in  thin  beds,  compact,  fossilif- 
erous,  contains  chert  nodules  arranged  in  bands,  exposed 
to  river 25 

Nxnnbers  4  and  5  in  the  above  section  are  being  quarried. 
Rock  foT  the  stone  bridge  in  Elkader  was  obtained  from  this 
quarry.  Numerous  other  sections  might  be  mentioned  but  the 
main  features  are  given  above. 

In  places  the  entire  assemblage  of  beds  appears  to  be  noii- 
dolomitic,  a  feature  which  is  not  peculiar  to  Clayton  county 
but  is  known  to  be  characteristic  of  the  Galena  in  northeastern 
Iowa. 

The  Maquoketa  division  of  the  Ordovician  is  more  highly 
calcareous  than  equivalent  beds  in  Dubuque  and  other  counties 
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to  the  south  and  yet  does  not  contain  beds  which  have  been 
quarried  to  any  extent  in  the  county.  The  chert  beds  above 
the  middle  of  the  formation  are  sufficiently  indurated  to  be  used 
for  road  material. 

The  Niagaran  limestone  covers  an  extensive  area  in  the  south- 
ern portion  of  the  county,  an  irregular  area  on  the  divide  be- 
tween Volga  and  Turkey  rivers  and  small  outliers  in  Grand 
Meadow  and  Marion  townships.  A  large  number  of  outcrops  are 
available  along  the  numerous  stream  ways.  Quarries  have  been 
opened  near  Gunder  and  Strawberry  Point.  An  extensive  quarry 
is  opened  just  across  the  line  in  Fayette  county.  The  beds  de- 
veloped are  similar  to  those  available  in  Clayton  county.  The 
Niagaran  beds  are  somewhat  variable  but  consist  generally  of  a 
buflf,  heavy-bedded  dolomite,  the  ledges  varying  from  two  to- 
four  or  more  feet  in  thickness.  The  Wilkes  Williams  quarry 
which  is  described  later  under  the  discussion  of  Fayette  county, 
may  be  accepted  as  representative  for  the  northern  outliers  in 
Clayton  county.  In  section  15,  Cass  township,  about  one  mile 
north  of  Strawberry  Point,  the  following  quarry  section  may  be 
observed : 

FEET. 

2.  Dolomite,  coarse-textured,  buff,  containing  chert  nodules,  in 
ledges  eighteen  inches  to  three  or  four  feet  thick 8—10 

1.  Dolomite,  light  gray,  almost  white,  finely  crystalline,  free 
from  chert,  In  layers  from  four  to  eighteen  inches  and  two 
and  one-half  feet  In  thickness.  The  thicker  ledges  can  be 
split  into  any  desired  thickness  along  lamination  planes. 
The  rock  is  soft  when  first  quarried  and  grows  hard  on  ex- 
posure   ^-8 

Similar  sections  have  been  developed  at  other  points  in  the 
neighborhood.  The  beds  are  some  sixty  to  seventy  feet  above 
the  base  of  the  Niagaran.  They  are  almost  white,  fine-grained 
and  rather  soft  when  first  quarried  and  attain  a  thickness  of 
twenty  to  twenty-five  feet. 

A  description  of  a  few  other  quarries  and  minor  openings 
follows. 

Along  the  river  road  north  of  North  McGregor  in  section  10, 
Mendon  township,  is  a  quarry  in  the  transition  beds  from  the 
Saint  Croix  to  the  Oneota.    The  rock  is  a  sandstone  with  calca- 
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reons  cement  and  effervesces  freely  with  add.  About  twenty 
feet  of  heavy  ledges  are  exposed  with  several  feet  of  waste  above. 
This  quarry  was  used  during  the  progress  of  river  improvement. 
It  is  conveniently  located  for  use  for  road  work. 

Along  the  old  military  road  leading  north  from  town  is  the 
Langley  quarry,  opened  in  the  heavy  beds  of  the  Oneota  about 
one-fourth  mile  above  the  village.  It  is  fifty  feet  or  so  above  the 
Saint  Croix  and  about  100  feet  below  the  top  of  the  bluff.  The 
stone  is  a  hard,  buff,  granular  dolomite,  somewhat  vesicular,  with 
the  vesicles  stained  by  iron.  About  twenty  feet  of  rock  are  ex- 
posed in  ledges  one  to  three  feet  thick.  Four  feet  of  waste 
overlie  the  solid  rock.  The  slope  above  the  quarry  is  very  steep 
and  unless  it  be  composed  largely  of  rock  will  necessitate  a  large 
amount  of  stripping. 

At  about  the  center  of  section  27,  Mendon  township,  a  short 
distance  southwest  of  McGregor,  is  the  quarry  of  Frank  Boyle. 
As  given  by  Leonard  the  section  is : 


Fvt.   21 — Boyle  quftrry  In  lower  batt  beds,   HcOregor.  Clayton  eountr. 
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Floe-gralDed  and  compact  limestone,  llgbt  blue  to  buff 34 

Dolomltlc  limestone  Id  ledgeB  one  to  lour  feet  tbtck,  blue  when 

freeh,  but  veaiberlng  to  buff;   tbe  "Lower  BuS  Beda".. 10-12 

These  beds  are  near  the  base  of  the  Platteville  limestone,  only 
a  few  feet  above  the  Saint  Peter,  which  is  exposed  along  the 
road  leading  from  town  to  the  quarry.  At  one  point  Mr.  Boyle 
has  utilized  tbe  ontcrop  for  the  purpose  of  obtaining  his  sup- 
plies of  sand  for  use'  in  laying  cement  and  other  similar  work. 
The  sandstone  is  so  soft  as  to  be  easily  removable  with  pick  and 
shovel.     . 
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■,  near  McOreEor.  Clayton  county. 


There  are  unlimited  quantities  of  rock  easily  available  in  the 
neighborhood  of  Elkader.  Stoops  quarry  may  be  taken  as  typi- 
cal. It  is  located  on  the  point  of  the  ridge  on  the  east  side  of 
the  river  near  the  county  hospital.  A  section  of  the  entire  bluff 
appears  above.    The  quarry  shows : 
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FEirr. 

Waste  rock 6 

Thin  buff  ledges,  eight  to  twelve  ihohee  thick 6 

Thin  blue  ledges,  flne-*grained,  eight  to  twelve  inches 6 

Heavy  beds,  the  upper  six  feet  and  the  lower  four  feet  in  thick- 
ness; buff,  sugary  dolomite 10 

Thinner  beds,  buff  dolomite,  twelve  to  twenty  inches,  at  base  of 
quarry ID 

This  is  now  the  Clayton  county  quarry.  The  town  of  Elkader 
has  a  No.  10  Western  rock  crusher  installed  for  making  ma- 
cadam and  concrete  material. 

About  two  miles  below  Guttenberg  the  Kjiudt  quarry  has  been 
operated  to  a  considerable  extent  for  obtaining  rock  for  use  in 
river  work.  The  quarry  is  located  in  the  river  bluff  about 
seventy-five  feet  above  the  Mississippi  and  the  rock  is  removed 
by  barge  as  the  stream  flows  close  to  the  foot  of  the  bluff.  It 
shows  at  the  base  twenty  to  twenty-five  feet  of  the  blue  fine- 
grained beds  described  by  Leonard  on  page  252  of  his  report. 
The  layers  as  seen  in  the  fresh  face  are  from  eight  to  twenty 
inches  thick.  Above  are  from  four  to  eight  feet  of  rather  soft 
granular  rock,  probably  dolomitic.  Then  there  succeed  twenty 
feet  of  gray,  granular,  vesicular,  magnesian  material.  The 
quarry  is  probably  located  in  beds  3  and  4  of  Leonard's  Gutten- 
berg section. 

At  the  south  end  of  the  ridge  between  Miners  creek  and  the 
Mississippi  at  Guttenberg  the  Platte ville  beds  are  quarried 
somewhat.  Here  the  blue  beds  are  overlain  by  the  thin  nodular 
layers  of  the  Decorah  shale  and  above  are  the  thin  beds  of  the 
Galena.  The  rock  seems  similar  to  that  at  McGregor,  as  shown 
in  the  Boyle  quarry. 

One  mile  north  of  Luana  the  quarry  of  H.  J.  Walk  shows  hard 
blue,  fine-grained  stone  in  beds  six  to  twelve  inches  thick.  These 
are  overlain  by  three  to  six  feet  of  waste  and  loose  rock.  Some 
of  the  ledges  are  gray  and  softer  than  others.  The  quarry  is 
near  the  top  of  the  Galena. 

This  quarry,  together  with  one  across  the  road  and  one  about 
one-half  mile  north,  in  Allamakee  county,  is  at  about  the  same 
level  as  those  described  from  Cherry  Valley  in  Allamakee  county. 
The  rock  appears  to  be  similar  in  character  and  appears  fine 
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and  solid  when  in  the  quarry  ledges.  The  quarries  are  all  con- 
veniently situated  for  installing  crushers,  especially  the  three 
near  Luana,  which  are  well  located,  close  to  the  road,  arid  some 
of  them  high  enough  to  allow  the  use  of  gravity. 

The  Niagaran  limestone  is  extensively  quarried  in  the  south- 
western part  of  the  county.  A  mile  north  of  Strawberry  Point 
in  the  north  half  of  section  15,  Cass  township,  is  the  Sousley 
quarry,  described  by  Leonard  on  page  277  of  his  report,  and 
near  it  is  the  Kirkpatriek  quarry  which  shows : 

FEET. 

Waste  rcKik 

Thin-bedded,  very  cherty,  yellowish  dolomite  somewhat  water- 
worn,  jointed 4 

Heavy-bedded,  whRe,  fine-grained  rock,  some  cherts,  tendency 

to  split  into  thin  layers  on  exposure;  shows  small  caverns     10 

Not  exposed  6 

Thin-bedded  layers,  bottom  one  10  inches,  light  buff,  crystalline. 

cherty   6 

The  quarry,  like  most  of  those  in  this  part  of  the  county,  is 
located  in  a  ravine  some  distance  from  the  road.  This  makes 
the  removal  of  stone  rather  difficult  although  the  quarries  are 
easily  opened. 

On  the  east  line  of  section  24,  Cass  township,  is  the  Smith 
quarry,  about  one-half  mile  north  of  the  road.  A  considerable 
face  is  exposed  here  and  rock  is  fairly  easily  obtained.  The 
foundation  for  the  new  city  hall  at  Strawberry  Point  was  built 
of  rock  obtained  at  this  quarry.  The  quarry  shows  the  following 
section  below  a  steeply  ascending  bluflF  face  : 

FEET. 

Broken  ledges  2—3 

Thin  ledges,  six  and  twelve  inches    1—1^,4 

Ledge  of  soft  gray  rock,  rough  fracture  2 

Light  gray  to  white,  fine-grained  rock,  hard,  some  chert,  in  three 

or  four  ledges 6 

Similar  rock  in  one  ledge  1% 

Yellow,  aandy,  finely  crystalline  dolomite,   flinty,  basal   layer 

one   foot,   two   thin   layers   four   inches   each    I'/a 

The  best  rock  and  that  freest  from  chert  is  said  to  come  from 
the  two  ledges  immediately  below  the  quarry  floor.  This  quarry 
faces  the  same  diflSculty  as  those  north  of  town;  that  is,  diffi- 
culty of  access. 
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Over  the  areas  of  this  part  of  Iowa,  where  the  Fort  Atkinson, 
Galena  or  Oneota  are  surface  rocks,  the  geest  is  suitable  for  use 
on  roads,  especially  when  mingled  with  the  chert  from  the  lime- 
stone. If  gravel  or  crushed  rock  were  mixed  with  this  clay  it 
should  make  good  road  material.  Several  localities  in  Allamakee 
and  Clayton  counties  show  outcrops  of  geest.  The  areas  of  the 
Niagaran  also  show  some  patches  of  geest  and  in  many  cases  this 
clay  is  full  of  chert  fragments.  An  example  of  this  is  found 
south  of  Strawberry  Point  at  the  center  of  section  27,  Cass. 
Here  is  an  exposure  of  residual  chert  and  clay.  This  has  been 
dug  out  and  used  on  the  road  leading  to  town  with  good  results. 
A  little  soil  is  used  for  surfacing. 

CLrlNTON  COUNTY. 
Sand  and  Gravel. 

In  the  southern  part  of  Clinton  county  are  a  number  of  low 
ridges  which  have  a  general  northwest-southeast  trend  and  be- 
cause of  their  regularity  form  quite  conspicuous  features  of  the 
landscape.  These  are  especially  well  developed  in  the  vicinity 
of  DeWitt,  and  as  several  of  them  have  been  opened  up  here, 
their  constituents  are  well  revealed.  The  town  of  DeWitt  owns 
and  operates  a  large  pit  in  one  of  these  ridges  about  one  mile 
south  of  town,  in  the  southeast  quarter  of  the  southwest  quar- 
ter of  section  19,  DeWitt  township.  This  ridge  is  esker-like  in 
outUne,  with  the  same  general  trend  as  the  neighboring  ones. 
The  material  is  very  irregular  in  distribution  in  different  parts 
of  the  pit,  but  is  chiefly  rather  coarse  gravel  above  with  finer 
gravel  below.  In  places  sand  is  abundant  and  the  entire  ridge 
is  capped  with  loessial  sand  and  loess.  The  coarse  material  is 
quite  largely  limestone  with  foreign  pebbles  forming  perhaps 
one-half  the  mass.  Much  of  this  foreign  material  is  decayed, 
some  of  it  so  much  so  that  it  can  easily  be  broken  into  powder. 
There  are  some  bowlders,  but  these  are  neither  common  nor 
large.  Very  few  of  them  have  a  diameter  of  over  one  foot.  Some 
small  blocks  of  lime-cemented  conglomerate  are  found  in  the  pit. 
The  upper  part  of  the  deposit  is  generally  quite  strongly  iron- 
stained,  and  in  places  the  entire  body  is  somewhat  discolored, 
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though  not  SO  strongly  as  are  typical  Buchanan  gravels.    The 
pit  is  twelve  to  fifteen  feet  deep. 

A  few  rods  to  the  northwest  of  this  pit  is  another  one  in  the 
same  ridge.  This  one  is  owned  by  Scott  county.  A  spur  from 
the  Chicago,  Milwaukee  &  St.  Paul  railroad  runs  into  this  pit 
and  cars  are  hauled  under  a  platform  upon  which  the  gravel  is 
carried  by  means  of  wheeled  scrapers.  It  is  then  dumped  into 
the  cars  below  through  a  hopper  in  the  platform. 

About  one  and  one-fourth  miles  south  of  town,  in  the  north- 
west quarter  of  section  30,  a  small  pit  has  been  opened  on  the 
farm  of  Mr.  Wallace.  This  is  in  a  ridge  in  continuation  of  the 
series  extending  to  the  northwest,  and  which  shows  a  similar 
constitution.  There  is  a  large  proportion  of  limestone  in  the 
coarser  material,  the  foreim  pebbles  are  decayed  and  all  the 
characteristics  ally  this  deposit  with  others  in  the  neighborhood. 

The  gravel  from  these  mounds  has  been  used  for  concrete 
work  as  well  as  for  road  material.  Many  of  the  streets  and 
roads  in  and  around  DeWitt  are  macadamized  with  gravel  and 
show  great  improvement  over  the  sand  and  dirt  roads.  They 
are  much  less  troubled  with  dust  and  maintain  an  even,  smooth 
roadbed. 

The  ridges  continue  west  of  town  toward  Grand  Mound,  and 
gravel  may  be  seen  in  the  road  cuts  across  these,  showing  that 
they  all  have  a  common  origin  and  similar  composition.  Some 
of  the  beds  show  a  weathered  upper  zone,  reddened  and  oxidized, 
as*  is  the  case  in  the  pits  described  above.  In  the  southwest 
comer  of  section  14,  about  two  miles  west  of  town,  one  of  these 
ridges  has  been  opened  up  on  the  south  side  of  a  small  stream. 
The  bank  shows  on  top  one  or  two  feet  of  sand  and  loess,  then 
about  eight  feet  of  much  stained  gravel,  which  is  quite  coarse  in 
places,  especially  in  the  upper  portions.  Bedding  is  not  promi- 
nent in  this  part.  Below  this  layer  and  sharply  differentiated 
from  it  is  a  bed  of  clean  gray  gravel,  rather  fine  aud  quite  uni- 
form of  composition.  This  lower  bed  is  about  four  feet  thick 
to  the  bottom  of  the  pit.  The  road  has  been  cut  through  the 
ridge  close  by  the  pit  and  exposes  four  or  five  feet  of  fine  sand 
above  the  gravel.  However,  some  of  this  thickness  may  be  due 
to  slipping.    Above  the  sand  is  a  loesslike  clay.    Across  the  road 
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to  the  northwest  is  another  short  ridge  parallel  to  the  one  here 
described  and  probably  of  similar  constitution. 

In  the  northwest  quarter  of  section  16,  Orange  township,  a 
little  more  than  a  mile  east  of  Grand  Mound,  is  an  old  pit  ten  or 
twelve  feet  deep,  which  was  once  operated  by  the  Chicago  & 
North  Western  Railway,  and  is  now  used  by  the  town  of  Grand 
Mound.  The  material  here  is  in  general  coarser  than  that  at 
DeWitt.  It  is  not  well  exposed,  but  where  recently  used  shows 
a  much  weathered,  somewhat  indurated  gravel,  pebbles  having 
diameters  up  to  two  or  three  inches,  being  in  considerable  abun- 
dance. In  another  place  the  gravel  is  much  fresher  and  quite 
coarse.  One  bowlder  three  by  one  and  one-half  feet  in  diameter 
is  completely  decayed  so  that  it  is  quite  pulverulent.  Many  others 
are  decayed,  completely  or  in  part.  Some  of  the  bowlders  pres- 
ent are  two,  three  and  four  feet  in  diameter.  There  is  a  large 
quantity  of  material  left  in  this  pit  and  it  should  prove  very  use- 
ful for  road  and  concrete  purposes. 

Stone. 

With  the  exception  of  a  small  area  close  to  the  Mississippi  in 
Elk  River  and  Spring  Valley  townships,  which  is  underlain  by 
the  Maquoketa  shales,  the  country  rock  of  Clinton  county  be- 
longs to  the  Niagaran  stage  of  the  Silurian.  There  are  said  to  be 
exposures  of  Niagaran  limestone  in  every  township  in  the  county, 
save  one,  Berlin  township. 

It  is  quarried  particularly  in  the  vicinity  of  Clinton,  where 
considerable  thicknesses  of  the  limestone  are  exposed  in  the 
bluffs  bordering  the  valley  of  the  Mississippi.  There  are  also 
many  small  openings  from  which  stone  is  removed,  that  are  scat- 
tered so  universally  over  the  county  that  it  is  scarcely  possible 
to  segregate  them  into  districts.  Next  to  the  Clinton  quarries, 
in  the  depth  of  strata  exposed  as  well  as  in  conmaercial  impor- 
tance, come,  no  doubt,  the  group  of  small  quarries  in  the  south 
tier  of  townships  near  the  Wapsipinicon  and  in  the  neighborhood 
of  Wheatland,  Calamus  and  DeWitt. 

The  Niagaran  consists  typically  of  beds  of  dolomitic  limestone 
and  dolomite,  varying  in  nature  from  fine-grained,  yellow,  thinly 
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laminated  and  porous  layers,  to  heavy  beds  as  great  as  six  feet 
in  depth,  of  brown  to  bluish  gray  compact  stone.  Chert  in  bands 
and  nodules  occurs  very  commonly  throughout  the  Niagaran 
strata.  As  mentioned,  the  stone  has  been  quarried  at  a  number 
of  localities  in  different  parts  of  the  county.  The  following  char- 
acteristic sections  will  afford  an  idea  of  the  quality  of  the  rock, 
the  succession  of  the  beds  and  the  extent  and  possibilities  of  the 
building  stone  industry.  They  are  taken  in  the  principal  quarry 
districts. 

Clinton  Quarries. — The  Clinton  City  quarry  is  located  at 
Fourth  Avenue  and  Bluff  Road.  The  usable  strata  here  consist 
of  an  upper  four  to  five  feet  of  soft,  thin-bedded  stone  which 
grades  into  a  somewhat  firmer  gray  to  bluish  rock  below.  All  of 
the  beds  are  porous  and  often  cavernous  on  a  small  scale.  There 
are  six  to  eight  feet  of  weathered  dolomitic  residue  and  a  varying 
depth  of  loess  overlying  the  quarry.  The  lower  beds  are  being 
used  in  city  street  work. 

The  Thomas  Purcell  quarry  is  located  at  Eighth  Avenue  and 
Sixth  Street.  A  face  of  fifteen  feet  is  open,  running^ nearly  a 
block  parallel  to  Eighth  Avenue  and  consisting  of  strata  similar 
to  those  described  above.  Below  the  upper  five  feet  the  beds  are 
heavy;  in  some  instances  individual  ledges  are  three  feet  thick. 
The  bottom  stratum  contains  nodules  of  white  chert.  Further 
quarrying  here  is  limited  by  the  city  improvements. 

The  Union  Park  quarry  belonging  to  the  Turner  Society  and 
worked  by  Henry  Jessen  is  situated  at  the  intersection  of  Union 
Street  and  Bluff  Road.  A  maximum  of  thirty  feet  of  the  Niag- 
aran is  exposed,  covered  by  three  to  four  feet  of  drift  and  ten  to 
twenty  feet  of  loess.  The  upper  portions  of  the  dolomitic  beds 
are  fissured  and  weathered  in  places  to  a  residuum  or  **geest.'' 
The  top  beds  are  also  soft  and  of  an  ocherous  yellow  color.  The 
bottom  ledges  are  denser,  of  a  gray  color  and  run  one  to  three 
feet  in  thidmess.  Only  the  latter  are  sojid  enough  for  founda- 
tion or  other  important  masonry  wort  The  quarry  is  worked 
constantly,  hand  methods  only  being  practiced.  The  heavy  and 
,  increasing  amount  of  stripping  necessary  to  obtain  these  lower 
strata  is  a  great  handicap  to  extensive  development. 
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The  quarry  of  Thomas  Carey  on  Fourth  Street,  near  Lamb's, 
is  the  most  extensive  opening  in  Clinton.  There  is  less  of  the 
worthless  disintegrated  material  here  above  the  solid  ledges. 
Thirty-five  to  forty  feet  of  usable  stone  have  been  opened  up 
and  a  large  amount  taken  out.  The  individual  beds  vary  in 
thickness  from  a  few  inches  to  three  feet  and  products  of  any 
desired  dimensions  are  obtainable.  Fifteen  to  twenty  feet  of 
loess  are  removed  to  reach  the  quarry  beds.  The  output  con- 
sists of  foundation  material  and  some  dimension  stone  from 
the  deepest  beds,  while  the  upper  strata  are  crushed  for  road 
and  concrete  work.  The  quarry  is  equipped  with  a  portable 
jaw  crusher  made  by  the  Western  Wheeled  Scraper  Company. 

Near  Agatha  Hospital  in  the  city  of  Clinton  is  a  small  quary 
which  shows  a  face  of  sixteen  feet  of  buff,  vesicular,  sugary 
dolomite  with  iron-stained  cavities.  In  places  the  rock  is  mas- 
sive, elsewhere  it  lies  in  layers  six  to  twelve  inches  thick.  At 
the  east  end  of  the  quarry  the  material  has  been  broken  for 
macadam.  The  upper  part  here  is  broken  into  spalls,  while 
the  lower  part  lies  in  layers.  The  rock  seems  rather  soft  for 
road  work.  An  overburden  of  two  to  six  feet  of  geest  and  drift 
has  to  be  removed  before  quarrying  operations  can  be  prose- 
cuted. 

All  along  the  base  of  the  bluff  are  outcrops  of  Niagaran  and 
several  quarries  have  been  opened  up.  The  Chase  quarry 
showed  a  covering  of  sand  below  which  are  ten  feet  of  soft, 
crumbly  material,  evidently  waste  of  the  heavy  top  ledges  of  the 
Agatha  Hospital  quarry.  This  has  been  taken  out  for  road  use 
and  is  said  to  make  good  metal.  It  packs  well  and  does  not  form 
dust.  Below  it  are  eight  feet  of  bedded  rock,  buff,  similar  to 
that  of  the  Hospital  quarry,  and  at  the  same  level. 

The  Union  Park  quarry,  near  the  head  of  First  Avenue,  shows 
twenty  feet  of  yellow  dolomite  in  heavy  beds,  under  three  feet 
of  Kansan  drift  and  eight  to  ten  feet  of  loess. 

The  dolomitic  beds  are  exposed  at  other  points  near  Clinton, 
especially  to  the  north  in  the  vicinity  of  Lyons  and  in  many 
places  in  the  hills  to  the  west  along  small  tributaries.  At  all 
points  the  surface  layers  are  usually  badly  honeycombed  by 
weathering,  and  solution,  and  often  nothing  remains  but  a  yellow- 
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ish  crumbling  dolomitic  sand  or  dolomitic  clay  residuum.  It  is 
therefore  necessary  to  remove  in  most  cases  great  quantities  of 
the  disintegrated  portions  to  reach  the  deeper  solid  and  more 
durable  ledges.  These  surface  materials  are  serviceable  in  the 
shdpe  of  crushed  stone,  although  they  are  not  of  the  best  quality, 
even  for  this  purpose. 

The  accompanying  section  is  given  as  showing  the  general 
character  of  the  lower  Niagaran  beds  to  which  the  Clinton 
quarry  rock  belongs:* 

FEET. 

6.    Drift 5 

5.    Geest   *. 3 

4.    Porous  and  yellow,  dolomitic  limestone,  Irregularly  bedded, 

full  of  small  crevices  lined  with  calcareous  incrustations. 

This  is  known  as  ''shell  rock"  among  the  quarry  men 40 

3.  Finely  granular,  yellow,  dolomitic  limestone  with  numerous 
small  cavities,  often  lined  with  a  coating  of  crystalline  cal- 
cite.  Bands  of  chert  occur  at  intervals  of  from  two  to  four 
feet.  Seven  of  these  were  each  about  five  inches  in  thick- 
ness      30 

2.  Buff-brown,  dolomitic  limestone  of  fine-grained  texture,  with 

many  bands  of  chert,  also  scattered  nodules  of  chert.  The 
chert  is  most  abundant  below.  Some  of  the  chert  bands 
have  a  thickness  of  one  foot  These  thicker  bands  occur 
above  and  the  thinner  lie  below.  Thirteen  bands  in  all 
were  counted.  The  lowermost,  of  which  some  were  no  more 
than  an  inch  in  thickness,  lie  close  together 25 

1.  Blue  shale   (Maquoketa)    15 

In  Orange  township,  the  principal  exposures  are  on  Barber 
creek.  On  the  land  of  A.  A.  Barber,  in  the  southeast  quarter  of 
section  29,  the  following  beds  are  in  view  in  an  old  quarry : 

FEET. 

4.   Son 1 

3,  Shattered  and  disturbed,  yellow,  thin  bedded,  limestone  ...      9 

2.  Very  thinly  laminated,  yellow   limestone,  separating  very 

readily  along  bedding  planes  into  thin  s>leibs  of  even  a 
fraction  of  an  inch  in  thickness 11 

■  1..  The  above  rests  on  a  fioor  which  dips  steeply  to  the  north 
and  consists  of  heavy  firmer  ledges  of  weathered,  porous 
limestone,  some  few  feet  of  which  have  been  worked. 

The  top,  No.  3,  ''slate,"  is  being  used  as  macadam  and  appears 
to  give  good  service  in  this  capacity  on  country  roads. 

— " r-» .  •  ■  - 

•Geologry  'Clinton  County,  Iowa  Geological  Survey,  Vol.  XV,  page  401. 


CLINTON  CODNTT 


^^■E;      ^^^"J   (1 

^\'i 

^WCp   ,^Qi|^^  -' 

■^?^ 

^^R*:  ^^  '     ij^^^^B^e 

^' 

I' 

g^m^-w 

/  .  , 

i? 

■Rmiitt^ 

* 

% 

••^;JEt^S?'^' 

j|. 

ii 

J*- 

1 

^ 

i'^'"'  ••«  ■« 

^_^;^ 

d^': 

iFv/' 

k. 

I^^^^^BI^^r^'          ''«-;^^^^^M 

HHBBPI 

CLINTON  COUNTY  201 

Mrs.  A.  Smith  has  a  small  quany  south  of  Barber  creek  in 
the  southwest  quarter  of  the  southeast  quarter  of  section  29. 
Eight  to  ten  feet  of  porous  yellow  limestone  are  exposed  in  beds 
from  six  inches  to  less  than  one  inch  in  thickness.  There  is 
little  drift  or  soil  covering.  The  same  stone  crops  out  in  the 
hills  along  both  sides  of  Barber  creek,  southeastward,  through 
sectiohs  29  and  30.  The  strata  are  seldom  horizontal  but  no  uni- 
form direction  of  dip  was  made  out.  In  some  instances  the  lack 
of  horizontality  is  likely  due  to  creep,  but  in  general  seems  to 
be  the  result  of  disturbances  on  a  broader  scale,  which  are  indi- 
cated also  by  the  shattering  of  the  beds  themselves. 

Near  the  southwest  comer  of  the  northeast  quarter  of  section 
9,  near  Buena  Vista,  Olive  township,  F.  C.  Huehl  has  worked  a 
quarry  on  the  land  of  S.  B.  Walker.  The  beds  are  similar  to 
those  on  Barber  creek  south  of  Grand  Mound.  They  are  less 
weathered  and  harder,  more  durable  stone  is  obtained  relatively 
near  the  surface  and  without  much  stripping. 

In  the  vicinity  of  Big  Bock  post  office  in  Spring  Bock  township 
the  porous  yellow  dolomite  is  exposed  in  the  cliffs  along  Bock 
mn,  and  at  numerous  places  to  the  south  of  the  river  in  Soott 
coTinty. 

In  Sharon  township,  stone  has  been  quarried  on  the  farm 
of  Henry  Kiel,  one-half  mile  east  of  Lost  Nation.  The  beds 
here  are  porous,  uneven  and  cherty. 

The  quarry  section  given  below  is  exposed  one-fourth  of  a 
mile  east  of  the  center  of  section  15,  Sharon  township  :• 

10.    Drift    5 

9.    Geest  4 

8.  Fine-grained  and  laminated  rock,  breaking  along  the 
horizontal  seams  inAo  slabs  from  one  to  three  inches  in 
thickness   4 

7.    More   coarse-grained    and   porous,   evenly   bedded,   yellow 

dolomitic  rock,  without  well  marked  lamination 3 

6.  Mne-grained  dolomitic  limestone,  in  places  with  very 
distinct  crystalline  texture,  and  weathering  into  slabs 
about  four  inches  in  thickness 3 

5.    Yellow  rock  wtth  occasional  pockets  set  with  crystals  of 
•     calcite  4 

4.    A  single  layer  of  flne-gralned,  dolomitic  rock 3 


•J.   A.   Udden,  Iowa  Geological  Survey,  Vol.  XV,  page  400. 
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3.  Brownish,  dolomitic  limestone  of  compact  texture,  breaking 
much  in  quarrying,  and  having  occasional  crystals  of 
caldte  ; 3 

2.  Laminated,  fine-grained  and  compact,  dolomitic  limestone, 
breaking  into  layers  one  inch  in  thickness,  occasionally 
ibearing  chert  ^ 1 

1.  Solid  and  compact  ledge  of  gray,  dolomitic  limestone,  with 
some  empty  crevices  lined  with  a  tiiin  coating  of  crystals 
of  calcite  2 

CRAWFORD  COUNTY. 
Sand  and  Oravel. 

So  far  as  surface  materials  are  concerned,  Crawford  county 
is  very  similar  geologically  to  Harrison  and  Monona  counties. 
As  in  these,  the  gravel  and  sand  deposits  are  of  the  Buchanan, 
stage,  occurring  above  the  Kansan  drift  clay  and  beneath  the 
covering  of  loess  which  is  so  general  throughout  the  western 
portion  of  the  state. 

As  might  readily  be  expected,  the  principal  exposures  of 
gravel  aijd  sand  occur  along  the  streams  where  the  latter  have 
cut  through  the  loess  covering.  Bpyer  river  has  removed  the 
capping  of  loess  in  many  places,  and  exposed  the  water-laid 
materials  beneath.  In  the  northeastern  part  of  section  4,  Union 
township,  eight  feet  of  sand  and  gravel  are  exposed  beneath 
loess  which  varies  in  depth  up  to  eight  feet.  The  gravel  and 
sand  are  inter-  and  somewhat  cross-bedded,  and  in  some  places 
partially  cemented. 

One  and  a  half  miles  down  the  Chicago,  Milwaukee  &  Saint 
Paul  railroad  from  Arion  is  a  large  pit  where  the  railway  has 
gouged  into  the  point  of  a  hill  along  Buck  creek. 

A  distance  of  300  to  400  feet  is  open,  and  considerable  amounts 
of  sand  have  been  removed  by  the  railway  company.  A  maxi- 
mum depth  of  seven  feet  of  loess  overlies  most  of  the  exposure. 
This  is  definitely  separated  from  well-stratified  sand  which  in 
the  upper  part  is  somewhat  silty.  The  sand  becomes  coarser 
downwards,  and  cross-bedding  is  evident  near  the  bottom. 
Pebbles  one-half  inch  in  diameter  are  included  in  the  lower 
part.  The  sand  grains  are  rounded,  mostly  clear  quartz,  and 
the  deposit  as  a  whole  is  bright  and  free  from  iron-staining. 
Twenty-four  feet  of  sand  have  been  exposed  and  the  boitom 
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was  not  reached  at  that  depth.  The  top  of  the  sand  is  about 
thirty-five  feet  above  the  water  in  Bnck  creek. 

The  nature  of  this  deposit,  falsely  bedded,  coarse  below  and 
finer  and  more  uniformly  stratified  upwards,  indicates  the  work 
of  loaded  water  currents  under  gradually  changing  conditions. 
The  lower  strata  were  dropped  by  a  current  of  high  velocity 
carrying  coarse  materials  while  succeeding  layers  were  put  down 
in  water  with  decreasing  volume  and  velocity. 

This  deposit  forms  a  high  terrace  to  the  southwest  of  the 
stream.  At  a  number  of  points  in  the  next  two  miles  up  stream 
the  gravels  are  exposed  both  artificially  and  naturally.  About 
one-half  mile  from  the  above  cut  at  a  bend  in  the  creek  forty 
feet  of  interbedded  gravel  and  sand  can  be  seen  capped  with 
twelve  to  fifteen  feet  of  loess.  Here  the  gradation  in  conditions 
is  not  so  clear,  as  coarse  gravel  and  fine  sand  are  interstratified 
indiscriminately  from  top  to  bottom.  The  gravel  appears  down 
to  water  level  and  seems  to  have  no  relation  to  the  present 
stream.  Many  bowlders  as  large  as  the  head  appear  in  the 
gravel  layers.  These  are  glacial  sands  and  gravels.  There 
are  any  number  of  points  along  here  where  an  unlimited  supply 
is  available  with  but  a  small  amount  of  stripping. 

The  gravels  appear  also  south  of  Arion  as  a  bench  along  the 
Boyer,  and  pits  are  opened  up  at  various  points.  So  far  the 
sand  has  been  used  only  for  building  purposes. 

Good  gravel  with  some  sand  is  taken  from  a  terrace  in  sec- 
tions 36,  Paradise,  and  1,  Union  townships.  Some  fifteen  feet 
of  gravel  are  exposed  here  under  about  two  feet  of  pebbly  soil. 
The  terrace  is  fifteen  to  twenty  acres  in  extent.  It  is  close  to 
the  railroad  and  a  spur  could  easily  be  run  to  it.  In  section  28, 
Denison  township,  ten  feet  of  similar  material  are  exposed  under 
six  to  eight  feet  of  loess,  the  latter  becoming  rapidly  deeper 
^way  from  the  open  pit. 

Boyer  river  and  its  east  branch  in  the  vicinity  of  Denison 
have  two  terraces,  the  lower  of  which  is  about  ten  feet  above 
the  level  of  the  flood  plain  and  the  upper  ranges  from  thirty 
to  forty  feet  higher.  The  first  affords  coarse  gravel,  the  second 
fine  sand  with  occasional  bands  of  gravel.  Small  bowlders  up 
to  eight  and  ten  inches  in  diameter  are  not  uncommon  in  the 
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lower  terrace  materials.  Both  benches  have  been  developed  in 
a  small  way  by  the  Mills  Sand  &  Gravel  Company,  and  are  ex- 
tensive and  capable  of  much  greater  development.  The  pits  op- 
erated are  west  of  town  on  the  main  line  of  the  Chicago  & 
North  Western  Railway,  which  itself  has  removed  an  enormous 
quantity  of  gravel. 

One  of  the  largest  pits  in  the  county  is  located  in  section  13 
of  Goodrich  township.  At  this  place  there  are  fifteen  to  twenty 
feet  of  cross-  and  interbedded  sand  and  gravel  under  some  six 
feet  of  loess.  The  upper  part  is  somewhat  coarse  and  grades 
into  principally  sand  below. 

Many  other  sipiilar,  though  in  most  cases  less  prominent,  ex- 
posures of  these  gravels  might  be  cited  along  both  the  main 
and  east  branches  of  the  Boyer.  One  other  on  the  latter  stream 
which  perhaps  should  be  mentioned  here  is  at  Vail,  in  section 
30  of  West  Side  township.  Quite  a  large  opening  has  been 
made  here,  and  some  six  feet  of  gravel  are  visible  under  three 

or  four  feet  of  loess  cover. 

* 

Besides  the  natural  exposures  of  gravels  made  by  the  streams 
it  is  reported  that  these  materials  may  be  found  quite  generally 
throughout  the  county  under  the  loess  wherever  a  search  is 
made.  *  As  a  rule,  however,  the  latter  is  quite  deep,  and  few  of 
the  smaller  streams  have  cut  through  it.  Many  artificial  open- 
ings are  scattered  about  the  county,  but  the  material  so  uncov- 
ered is  usually  unfit  for  concrete  work.  A  large  part  of  the  ma- 
terials used  for  construction  purposes  is  shipped  in  from  Lake 
View,  in  Sac  county. 

DALLAS  COUNTY. 
Sand  and  Gravel. 

The  supplies  of  sand  and  gravel  in  Dallas  county  are  derived 
from  two  main  sources,  gravel  terraces  along  the  streams  and 
from  the  hillocks  of  the  Wisconsin  drift. 

Stream  Terraces. — Des  Moines  river  is  the  largest  stream 
in  the  county,  but  is  of  but  minor  importance,  since  its  total 
length  within  the  borders  is  not  to  exceed  six  or  seven  miles. 
There  is  a  well-defined  gravel  terrace  some  twenty-five  feet  above 
water,  and  a  higher  terrace,  about  seventy  feet  above  the  stream, 
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seems  to  be  composed  entirely  of  drift.  In  sections  11  and  14 
of  Des  Moines  township  the  lower  terrace  is  prominent,  being 
in  the  latter  place  five  or  six  hundred  feet  wide  and  a  quarter 
of  a  mile  long.  In  section  11  the  terrace  has  an  area  of  perhaps 
fifty  acres,  and  is  composed,  partially  at  least,  of  fine  to  coarse 
gravel. 

The  Milwaukee  Eailway  formerly  had  extensive  pits  in  the 
lower  terrace  just  west  of  the  bridge  in  section  11. 

Beaver  creek  exhibits  a  prominent  terrace  through  sections 
3  and  4  of  Beaver  township.    It  has  an  area  of  perhaps  a  hun- 
dred acres,  most  of  which  is  the  property  of  the  Chicago,  Mil- 
waukee &  Saint  Paul  Railway.    In  section  34  of  Des  Moines 
^wnship  a  small  portion  of  this  gravel  terrace  is  again  visible. 
y*^er  than  these  two  places  the  Beaver  creek  terrace  is  not 
^^-'^icularly  noticeable. 
^!fcte  terraces  noted  along  North  Baocoon  river  through  Greene 
^^xxtckty  continue  practically  all  along  its  course  in  Dallas.    From 
Xy^^'^^^on  to  Minbum  there  are  many  remnants  of  a  low  terrace 
^«^lii<3li,  though  perhaps  not  offering  possibilities  of  wide  com- 
tnercsial  development,  affords  ample  supplies  of  sand  and  fine 
gra^v^el  for  use  over  a  large  adjacent  territory.    A  large  part  of 
the   xnaterial  is  fine,  and  it  is  none  too  clean.    On  this  account 
^tioli  of  the  material  notv  used  in  Perry  is  shipped  from  Des 
-'"'^^ixxes.    In  section  5  of  Dallas  township  on  a  small  creek  which 
^^F^ties  into  the  North  Baccoon  is  a  small  terrace  which  con- 
*^^s  gravel  and  sand  in  all  sizes  from  three  inches  in  diameter 
do^WT^..    This  has  been  used  on  the  roads  in  the  vicinity  and  has 
^^*  fceen  highly  successful,  but  the  fault  in  all  probability  is. in 
"^^   ^Workmanship  and  not  in  the  material. 

■^^^'i    the  vicinity  of  Bedfield  there  are  numerous  remnants  of 

^^riraces  along  Middle  and  South  Baccoon  rivers.    There  was 

^t^  one  time  a  gravel  pit  in  the  southwest  part  of  the  town,  but 

;*^s  lias  long  since  been  abandoned.    It  is  reported  that  a  well 

^^   tliis  neighborhood  showed  fifty  feet  of  gravel  under  eight 

"^^t  of  alluvium.    The  Chicago,  Milwaukee  and  Saint  Paul  Bail- 

^^y  formerly  had  a  pit  in  section  34  of  Linn  township,  which 

"^^s   abandoned  before  being  completely  worked  out.     Along 

South  Baccoon  river  in  Union  township  are  several  small  ex- 
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posuires  of  gravel  in  a  terrace  which  will  probably  furnish  con- 
siderable quantities. 

Reworked  Materials. — As  might  be  expected  of  streams  along 
which  gravel  terraces  occur,  sand  and  gravel  bars  are  quite 
common  in  the  rivers  of  Dallas  county.  The  deposits  of  this 
nature  in  Des  Moines  river  are  not  largely  drawn  upon  here 
because  of  the  large  amounts  of  terrace  gravels  which  are  ac- 
cessible. 

Sand  bars  in  Middle  Raccoon  river  at  Bedfield  contain  some 
dirty  material,  but  a  much  better  quality  of  sand  and  gravel 
may  be  obtained  from  this  stream  in  section  34  of  Linn  town- 
ship. There  are  a  number  of  bars  of.  good  size  in  the  river 
between  Redfield  and  Van  Meter,  and  the  same  is  true  of  the 
North  Raccoon  from  the  latter  town  to  Minburn.  Excellent 
sand  and  gravel  is  taken  from  the  river  in  several  places  east 
of  Van  Meter  and  this,  together  with  some  supplies  that  are 
shipped  in  from  Polk  county,  satisfies  the  demand  for  many 
miles  to  the  south  and  west. 

Glacial  Deposits. — Most  of  Dallas  county  north  of  Raccoon 
river  lies  within  the  area  of  the  Wisconsin  drift.  The  hills  and 
ridges  of  this  region  furnish  supplies  of  sand  and  gravel  which 
are  variable  in  both  quantity  and  quality  but  which  constitute 
a  useful  and  valuable  asset  In  the  vicinity  of  Granger,  and 
also  of  Linden,  fairly  good  materials  are  derived  from  beds  of 
this  nature.  As  has  been  remarked  in  connection  with  other 
counties  inside  the  Wisconsin  drift  area,  the  possibilities  of 
finding  workable  deposits  in  other  of  these  hills  is  well  worthy 
of  investigation. 

Stonv. 

The  Coal  Measures  underlie  the  entire  county,  and  are  naade 
up  of  a  series  of  shales,  sandstones,  and  occasional  thinly  bedded 
limestones  and  thin  seams  of  coal.  The  shales  greatly  predom- 
inate. Good  sections  are  exposed  along  all  of  the  principal 
streams.  The  sandstones  occur  in  lenses,  and  are  best  exposed 
along  Raccoon  river.  The  most  important  lenses  occur  in  the 
vicinity  of  Redfield.  As  a  rule  the  sandstones  are  not  well  in- 
durated, and  are  of  a  reddish  brown  color.  At  a  few  points,  well 
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indnrated  beds  are  available,  and  have  been  quarried  inter- 
mittently for  more  than  a  third  of  a  century.  The  most  impor- 
tant quarry  sections  are  given  below. 

Section  exposed  on  the  southeast  quarter  of  section  3,  Union 
township,  about  two  miles  southeast  of  Redfield : 

FEET. 

5.  Drift,  of  variable  thickness. 

4.  Sandstone,   soft,   buff,   heavily  bedded    8 

3.  Sandstone,  blue,  compact,   hard 7 

2.  day-shales,  sandy,  blue  4 

1.  Sandstone,  exposed  to  river 8 

Number  3  is  the  only  rock  quarried.  At  the  quarry  it  has  a 
thickness  of  seven  feet,  but  it  thins  out  rapidly,  and  about  thirty 
rods  east,  it  is  only  one  foot  thick.  The  stone  is  of  excellent 
quality,  and  is  scarcely  affected  by  weathering  agencies.  It  was 
used  extensively  in  Eedfield,  and  was  shipped  to  Fonda,  Waukee, 
and  other  points  on  the  Spirit  Lake  branch  of  the  Chicago,  Mil- 
waukee and  Saint  Paul  Railway. 

The  sandstones  have  been  quarried  at  other  points,  notably 
near  the  mouth  of  Bulger  creek,  where  a  nine  foot  ledge  of 
hard,  well  indurated  sandstone  appears.  At  the  present  time, 
sandstone  is  not  used,  save  locally,  and  then  in  a  v^ry  small  way. 

The  limestone  bands  make  up  a  very  small  part  of  the  Coal 
Measure  section,  and  as  a  rule,  possess  no  commercial  value. 
One  exception  may  be  mentioned,  where  the  limestone  has  been 
quarried  quite  extensively.    The  section  is  given  below. 

Talbot  quarry,  located  on  the  southwest  quarter  of  section  29, 
linn  township,  about  four  miles  northwest  of  Eedfield : 

11.    Soil  and  drift a 

10.    Clay,  sandy,  buff 8 

9.    Shale,  black,  fossiliferous   2 

8.    Coal,  with  clay  parting 1?4 

7.    Fire  clay  3: 

6.  Shale,  gray,  with  lime  concretions 4 

5.  Limestone,     hard,     compact,     blue,     fossiliferous     above, 

mostly  in  solid  ledges  7 

4.  Shale,  light  gray 21 

3.  Limestone,  gray,  brecciated  above 1^ 

2.  Shales^  gray,  not  fully  exposed 1^ 

1.    Shale,  black,  fissile,  coaly  below 1)^ 

The  stripping  here  is  practically  prohibitory. 
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The  Missouri  occupies  a  triangular  area  in  the  southwestern 
corner  of  Dallas  county.  Exposures  are  limited  to  Adams  and 
Union  townships.  The  beds  consist  of  a  series  of  shales  and 
limestones,  all  of  which  belong  to  the  Bethany  substage.  Two 
principal  limestones  can  be  recognized  and  are  believed  to  cor- 
respond to  the  Fragmental  and  Eariham  horizons.  The  best 
sections  appear  along  Bear  creek  and  its  tributaries,  and  a  num- 
ber of  the  outcrops  have  been  quarried  quite  extensively.  The 
sections  given  below  may  Ue  taken  as  a  fair  average. 

An  abandoned  quarry  in  the  southwest  quarter  of  section  28, 
Adams  township,  shows: 

FXBT. 

9.    Drift  of  variable  thickness. 

8.    Limestone  thinly  bedded,  slightly  arenaceous 6 

7.  Talus  slope   8 

6.  Limestone  4 

5.  Shales,  gray,  calcareous ^ 

4.    Limestone    % 

I  3.    Shales,  gray   4 

2.  Limestone,  fragmental   2% 

1.  Des  Moines  series,  exposed  a2)out 60 

In  the  operation  of  the  quarry,  number  4  was  the  lowest  bed 
removed.  The  quarry  is  located  well  up  toward  the  top  of  the 
hill,  and  the  limestone  does  not  appear  to  extend  much  farther 
to  the  east  and  north  of  this  point.  The  same  beds  may  be 
viewed  along  the  east  and  west  road  about  a  half  mile  south 
of  the  above  quarry,  in  section  32.  The  quarry  was  operated 
at  one  time,  a  switch  being  extended  from  the  Chicago,  Bock 
Island  and  Padfic  railway.  Large  quantities  of  stone  were 
shipped.  Most  of  it  was  used  for  railway  ballast  and  con- 
struction. 

Brown  quarry  section  located  on  the  southeast  quarter  of 
section  22,  Union  township: 

FEET. 

8.  Drift  and  weathered  material 1 

7.  Limestone  10 

6.  Talus  slope,  probably  shale 6 

6.     Shale,  black,  fissile .* % 

*  4.    Limestone,  blue,  compact,  exposed ^ 

3.  Talus  slope 25 

2.  Limestone,  impure  and  fragmental  below 3 

1.     Shale,  calcareous,  ferruginous,  exposed ^ 8. 
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The  above  quarry  was  opened  about  fifty  years  ago,  and  was 
worked  continuously  for  more  than  forty  years.  The  rock  quar- 
ried is  No.  7,  which  is  a  blue  to  buff,  compact  and  evenly  bedded 
lunestone.  The  individual  ledges  vary  in  thickness  from  eight 
to  ten  inches,  and  are  separated  by  shale  partings.  Chert 
nodules  in  well  defined  bands  appear  at  certain  horizons. 

The  upper  limestone  member.  No.  7,  is  also  well  exposed  in  a 
quarry  on  the  southwest  quarter  of  section  35,  just  north  of  the 
Madison  county  line.  It  has  a  thickness  at  this  place  of  twelve 
to  fourteen  feet,  and  is  underlain  by  blue  shales.  The  quarry 
was  opened  more  than  twenty-five  years  ago,  and  formerly  was 
connected  by  a  switch  with  the  Spirit  Lake  branch  of  the  Chi- 
cago, Milwaukee  &  Saint  Paul  Railway.  The  rock  utilized  was 
the  heavy  bed  of  rough  limestone.  Almost  the  entire  product 
of  the  quarry  was  used  as  crushed  stone,  and  was  shipped  to 
Des  Moines,  and  employed  in  the  concrete  foundations  of  the 
brick  pavements.  The  amount  of  stripping  was  large,  and  added 
greatly  to  the  cost  of  quarrying.  The  quarry  has  long  since 
been  abandoned. 

Small  quarries  have  been  opened^  from  time  to  time  at  other 
points  in  the  Upper  Coal  Measures  in  the  vicinity  of  Adel  and 
Waukee,  but  these  were  operated  intermittently,  and  were  of 
local  importance  only. 

DAVIS  COUNTY. 
Sand  and  Gbavel. 

Deposits  of  sand  and  gravel  in  commercial  quantities  are  of 
rare  occurrence  in  the  county. 

Small  amounts  may  be  obtained  in  the  north  tier  of  town- 
ships along  Soap  creek  and  some  of  its  tributaries.  Such  de- 
posits occur  in  sections  1, 10  and  12  in  Soap  Creek  township.  On 
the  township  line  where  the  Eock  Island  railroad  crosses  Soap 
creek,  clean  sand  may  be  seen. 

Residtuil  Gravels. — ^In  addition  to  the  reworked  gravels 
which  occur  in  the  present  stream,  occasional  outcrops  of 
weathered  gravels  appear  in  cuts  along  roadways.  Such  de- 
posits rest  on  the  ferretto  zone  of  the  Kansan  drift  and  sug- 

14 
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gest  the  upland  phase  Buchanan  gravels  of  the  northern  counties. 
These  deposits  lack  persistence  and  attain  but  slight  thickness 
and  are  of  but  little  importance  as  a  source  of  material  suitable 
for  road  and  concrete  work.  It  is  believed  that  these  gravels 
are  residual  in  character  and  were  accumulated  during  the  early 
stage  of  post-Kansan  weathering. 

Stone. 

Eock  of  Saint  Louis  age  has  been  taken  from  several  small 
quarries  along  Des  Moines  river  in  sections  11  and  12,  Salt 
creek,  and  in  the  bluff  in  section  13.  The  rock  is  fine-grained 
and  makes  serviceable  material  for  foundations  and  similar 
purposes.  Coal  Measure  sandstones  also  appear  in  the  bluff 
in  section  13.  Sandstones  also  belonging  to  the  Des  Moines 
stage  are  found  along  Soap  creek  in  the  vidnity  of  Carbon, 
where  they  are  locally  used  for  foundation  material.  The  rock 
is  of  no  value  for  fine  work,  but  constitutes,  with  the  Saint 
Louis  beds  described  above,  so  far  as  is  known,  the  sole  build- 
ing stone  resources  of  the  county. 

DECATUR  COUNTY. 
Saxd  and  Gbavel. 

The  sand  and  gravel  deposits  of  Decatur  county  are  of  the 
same  two  classes  found  in  Union  county,  viz.,  the  old,  probably 
Aftonian,  deposits,  and  beds  and  bars  in  the  streams  which  are 
probably  derived  from  the  former. 

Aftonian  Gravels. — ^In  several  places  in  the  county,  particu- 
larly along  Grand  river,  there  are  exposures  of  gravel  which 
seemingly  are  similar  in  all  respects  to  those  at  Afton  Junction 
and  Thayer  in  Union  county,  described  in  detail  in  that  report. 
At  no  place  in  Decatur  county,  however,  do  the  exposures  com- 
pare in  size  with  those  in  Union,  and  any  materials  that  could  be 
derived  from  them  would  be  sufficient  in  amount  for  small  local 
uses  only.  Several  places  at  which  small  exposures  of  the 
Aftonian  gravels  may  be  seen  are :  at  the  west  end  of  the  bridge 
over  Grand  river  in  southwest  30,  Decatur  township;  where 
the  road  crosses  a  small  stream  tributary  to  the  Grand  a  short 
way  north  of  the  same  bridge;  at  the  fords  on  Grand  river  in 
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sections  21  and  28  of  Burrell  township ;  beside  the  road  on  the 
hill  south  of  the  last  nanxed  ford ;  at  the  cemetery  west  of  Bur- 
rell (Terre  Haute) ;  etc.  At  all  of  these  places,  with  the  pos- 
sible exception  of  the  first  named,  the  gravels  are  under  a  cov- 
ering which  varies  in  depth  up  to  twenty  or  twenty-five  feet. 
From  a  commercial  standpoint  the  available  quantities  are 
small. 

Sand  and  Gravel  Bars, — Along  Grand  river  sand  and  gravel 
bars  are  of  frequent  occurrence.  The  river  has  cut  its  channel 
mto  bed  rock  nearly  all  the  way  across  the  county,  and  in  most 
places  the  sand  rests  upon  the  rock  surface.  These  bars  are 
insignificant  from  a  conmiercial  viewpoint,  but  are  quite  gen- 
erally used  for  local  purposes.  The  town  of  Grand  River  takes 
all  of  its  supply  from  the  river,  and  the  same  is  true  of  Davis 
City.  Small  amounts  of  these  sands  have  been  shipped  from  the 
latter  place,  and  from  Blockley.  Large  quantities  for  local  use 
are  to  be  found  along  Dickerson  creek  south  of  Davis  City. 

Stonk. 

The  Missouri  stage  is  represented  in  Decatur  county  by  the 
Bethany  substage,  which  comprises  four,  possibly  five,  well 
defined  limestones,  interbedded  with  variable  shales,  in  the  main 
calcareous.  The  basal  limestone  member  represented  in  the 
county  is  known  as  the  Fragmental,  and  is  typically  exposed  at 
Bethany,  Missouri.  Exposures  in  the  county  are  not  important, 
and  are  usually  obscured  by  the  overlying  drift  and  by  talus 
from  the  beds  above.  Where  it  is  typically  developed,  it  is  not 
sufficiently  indurated  and  uniform  In  texture  to  be  a  desirable 
bridge  or  building  stone.  It  could  be  used,  however,  for  road 
work,  concrete,  and  railway  ballast.  So  far  as  known,  it  has 
never  been  utilized  in  Decatur  county.  All  of  the  limestones  are 
essentially  nonmagnesian,  are  of  great  purity,  and  as  a  rule, 
contain  little  iron  pyrite  or  other  objectionable  constituents. 

The  Earlham  limestone  appears  in  sections  along  Grand  river, 
in  the  vicinity  of  Davis  City,  and  in  Burrell  township  along 
Pot  Hole  creek.  At  both  of  these  points,  some  quarrying  has 
been  done,  the  largest  quarry  in  the  county  being  located  at 
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Davis  City,  at  which  place  the  Boswell  quarry  shows  the  follow- 
ing section : 

*  nsi. 

6.    Soil  and  loess  24 

6.    Limestone  1 

4.    Ratten  stone  and  shale 2 

Z.    Limestone,  14-inch  ledge  overlying  a.  3-inch  ledge I'A 

2.    Shale  and  rotten  stone ". 1 

1.    Limestone,  with  wavy  bedding,  ledges  running  from  3  to  16 

Inches   6 

The  courses  appear  to  be  somewhat  persistent,  but  are  vari- 
able in  thickness.  A  black  shale  appears  below  the  basal  hme- 
stone  and  this  shale  is  in  turn  underlain  by  the  Fragmental 
limestone.  Higher  in  the  bluffs,  the  Winterset  limestone  ap- 
pears. On  Pot  Hole  creek,  the  section  given  below  is  exposed 
and  may  be  taken  as  fairly  representative : 


3.    Llmeetone,    ash-gray    to   brown,    Qne-graltied,    thln-bedded, 

with  courses  up  to  1  foot  In  tltlcknesa,  and  ehale  partings  C-10 

2.    Shale,   drab.   Imperfectly  exposed,  hut  showing  1   foot  ot 

black  shale    10 

1.    Limestone,  tH^cdated  or  fragmental  type,  firmly  cement«d 

and  apparently  nonlossillferous 4 
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The  beds  dip  to  the  west  here,  and  higher  up  the  stream  the 
Winterset  appears  in  the  hills.  Some  quarrying  has  been  done 
on  the  opposite  side  of  the  river,  and  blocks  of  considerable 
thickness  still  mark  the  site  of  the  old  quarries.  It  is  reported 
that  stone  from  this  quarry  was  formerly  dressed  and  sold  for 
monumental  work. 

The  Winterset  limestone  exhibits  good  exposures  in  the  vi- 
cinity of  Lamoni,  along  Hall  and  Elk  creeks,  in  Bloomington 
township,  in  addition  to  the  localities  already  mentioned  in  dis- 
cussing the  Earlham.  One  of  the  best  sections  appears  along 
Pot  Hole  creek,  about  five  miles  northeast  of  Lamoni,  and  is 
given  below: 

FEET. 

6.    lilmestone  (Winterset)  with  Spirit er  cameratus,  Productus 

pundatus,  Productus  coatatua,  Athyris  auhtiUtd,  etc 15 

6.    Sbale,  gray  to  drab 3^ 

4.    Shale,  bituminous  2^ 

3.  Coal     Vt 

2.  Shale,  gray 6 

1,    Limestone  (E3arlham)  in  bed  of  creek. 

In  nearly  all  sections  of  the  Winterset,  in  addition  to  the 
shales  above  and  below,  one  or  more  of  the  other  limestone  mem- 
bers of  the  Bethany  substage  are  present. 

The  DeKalb  member  is  exposed  both  east  and  west  of  DeKalb 
station,  and  at  numerous  other  points  in  the  county.  The  sec- 
tions given  below  may  be  considered  fairly  reprfesentative : 

SECTION  BAST  OF  DE  KAL.B  STATION. 

FEET. 

6.    fitripping,  fbowlder  clay 6 

6.    Limestone,  irregular  and  waterworn ^ 

4.  Shale,  hard  % 

3.  Limestone,  irregularly  bedded ^ 

.  2.     Shale  or  bastard  rock 2 

1.  Limestone  In  five  ledges  that  are  respectively  9,  12,  6, 13,  and 

8  inches  in  thickness 4 

SECTION  ONE  MILE  WEST  OF  DE  KALB  STATION. 

FEET. 

4.  Limestone 1 

3.     Limestone   % 

2.  Limestone    V« 

1.     Limestone % 
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A  fifth  limestone  horizon  belonging  to  the  Bethany  and  pres- 
ent in  the  county  was  recognized  by  Bain,  who  designated  it 
provisionally  as  the  Westerville  limestone.  It  is  typically  ex- 
posed near  Westerville,  in  Union  county.  It  has  not  been 
quarried  to  any  considerable  extent  in  Decatur  county.  It  oo- 
curs  in  the  hills  along  Sand  creek,  attains  a  thickness  of  ten 
feet  and  is  quite  readily  accessible.  It  is  separated  from  the 
DeKalb  by  the  usual  shale  layers.  All  of  the  limestones  repre- 
sented occur  in  comparatively  thin  beds  ranging  from  three 
to  sixteen  or  even  eighteen  inches  in  thickness,  are  fairly 
persistent,  each  horizon  rarely  exceeding  fifteen  feet  in  thick- 
ness, and  are  quite  uniform  in  composition.  They  do  not  resist 
weathering  influences  welL  After  undergoing  repeated  freez- 
ing and  thawing,  they  are  subject  to  spalling,  and  the  ledges 
break  down  rapidly  on  exposure.  While  quarrying  operations 
have  been  carried  on  somewhat  intermittently  for  more  than 
half  a  century,  very,  little  stone  is  produced  at  the  present 
time.  There  is  but  a  single  crusher  in  the  county  and  that  is 
located  at  Davis  City.  The  general  quarry  products  consist 
of  rubble,  rough  stone  for  foundation  and  well  purposes,  and 
crushed  stone. 

DELAWARE  COUNTY. 
Sai^  aitd  Gbavxl. 

Delaware  county  is  well  supplied  with  gravels  of  both  phases 
of  the  Buchanan  and  also  with  more  recent  deposits.  l?he 
valley  of  Maquoketa  river  shows  abundant  outcrops  and  many 
of  the  hilltops  and  uplands  bear  equally  large  bodies.  In  the 
neighborhood  of  the  Backbone  in  section  16,  Bichland  town- 
ship, there  are  several  well-defined  terraces  of  much  weathered 
sand  and  gravel.  One  of  these,  on  the  west  side  of  the  JB^^ck- 
bone,  is  thirty  feet  above  the  flood  plain.  The  terraces  con- 
tinue down  the  Maquoketa  from  Forestville.  They  contain 
considerable  coarse  material  and  locally  this  is  made  up  to  a 
large  extent  of  chert  from  the  underlying  Niagaran.  In  places 
the  terraces  are  double,  the  lower  one  being  about  eight  feet 
above  the  flood  plain,  the  upper  one  twelve  feet  higher.  An 
instance  of  this  is  seen  in  sections  17  and  18  of  Delaware 
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township.  A  large  amount  of  fine  fresh  sand  covers  all  this 
area  and  in  some  localities  seems  to  form  the  hills  of  the 
region.  The  valley  of  Honey  creek  seems  to  have  been  filled, 
in  its  lower  reaches  at  least,  with  these  old  gravels,  for  banks 
of  rnsty  Buchanan  gravels  overlying  finer  sands  are  exposed 
to  heights  of  twenty  feet  and  less.  The  terrace  on  the  east 
side  of  the  valley  is  continuous  with  the  wide  flat  upon  which 
the  entire  eastern  part  of  the  town  of  Manchester  is  built. 
Excavations  everywhere  in  this  flat  reveal  the  presence  of  these 
materials,  some  rusty  and  weathered,  some  fresh  and  clean. 
Thus  the  cemetery  occupies  part  of  this  level  expanse  whose 
surface  extends  out  to  the  east  until  it  meets  the  low  bound- 
ing hills  of  the  lowan  plain  a  mile  or  more  away.  On  the  river 
border  sand  pits  and  road  cuts  reveal  the  presence  of  the  same 
materials  and  across  the  river  at  its  bend  the  bank  exposes 
coarse,  red,  oxidized  gravels  overlying  Kansan  drift.  These 
same  gravels  are  found  in  the  brick  yard  a  little  farther  south 
and  also  at  the  top  of  the  bluff  by  the  wagon  bridge.  In  the 
immediate  vicinity  of  the  riyer  the  flood  plain  is  filled  with 
clean,  fresh  river  sands. 

Just  south  of  the  Illinois  Central  station  a  small  run  enters 
the  river  through  a  rather  wide  valley.  The  stream  exposes 
several  feet  of  interbedded  gravel  and  sand.  A  pit  has  been 
opened  in  this  valley  and  shows  six  to  eight  feet  above  the 
water.  The  valley  is  probably  100  yards  wide  and  bounding  it 
close  to  the  railroad  tracks  is  a  tongue  of  gravel  twenty-five 
feet  high.  These  present  an  older,  more  weathered  aspect  than 
those  in  the  valley  below  them  and  may  be  more  ancient.  There 
is  an  almost  limitless  quantity  of  material  here  and  extensive 
use  is  being  made  of  it  for  building,  concrete  and  other  pur- 
poses. 

There  are  some  terraces  of  gravel  south  of  Manchester  though 
the  hills  come  in  closer  here  than  nearer  the  town  and  the  rough, 
hilly  region  is  soon  entered.  An  ancient  abandoned  valley  in 
sections  3  and  10,  Milo  township,  shows  remnants  of  terraces 
in  its  lower  part  and  the  stream  valley  into  which  it  opens 
also  has  somej  remnants.  The  Maquoketa  valley  here  also  con- 
•  tains  a  terrace  and  gravels  occur  in  a  shallow  valley  running 
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across  the  flat  lowan-like  plain  occupying  sections  12,  13  and 
14.  After  the  river  enters  its  deep  gorge  in  the  hilly  area  ter- 
races occur  at  several  places,  while  in  others  the  flood  plain  is 
either  absent  or  extends  to  the  steep  hills.  In  section  29,  Delhi 
township,  is  a  terrace  with  a  face  twenty  feet  high.  It  consists 
of  rather  fine  sand  overlain  by  a  thin  layer  of  chert.  Above 
this  are  several  feet  of  loess  which  thickens  rapidly  toward 
the  hill  and  so  forms  rather  a  steep  slope.  The  top  of  the 
gravels,  so  far  as  they  are  exposed  in  the  road  cutting,  is 
about  level. 


drift  north  of  T 


Above  Hopkinton  a  few  miles,  where  the  river  emerges  from 
its  narrow  gorge,  a  broad  terrace  occupies  the  valley  on  the 
west  side  of  the  stream.  Considerable  bodies  of  sand  and 
gravel  also  underlie  the  town  of  Hopkinton  and  are  separated 
from  the  river  by  a  high,  wide  flood  plain.  The  terrace  is  not 
very  wide,  perhaps  200  yards,  and  it  ahuts  against  the  stony 
hills  which  limit  the  old  pre-Kansan  valley.  A  quarry  in  the 
north  end  of  town  shows  a  bank  of  gravel  at  one  end  extending 
down  at  least  as  far  as  the  quarry  floor.  On  the  west  side  of 
the  river  is  a  narrow  flood  plain  and  remnants  of  terraces  arc 
seen,  but  the  hills  approach  near  the  river  here.  South  of 
town  some  remnants  of  a  terrace  occur  in  section  31,  SontH 
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Pork  township.    Below  this  for  several  miles  there  is  a  great 
amount  of  sand  but  the  evidences  of  terraces  are  very  slight. 

Gravels -are  very  abundant  in  the  valley  of  Bear  creek  above 
Dyersville  and  this  bed  occupies  several  hundred  acres.  The 
gravels  become  noticeable  in  the  northeast  quarter  of  section 
27,  Bremen  township,  where  they  are  covered  by  three  to  four 
feet  of  day  and  silt.  The  lower  part  of  the  clay  is  iron-stained 
and  appears  to  grade  into  the  gravels.  It  is  probably  genetically 
related  to  them  and  is  of  immediate  post-Kansan  age.  In  sec- 
lion  25  the  Chicago  Great  Western  Railway  formerly  operated  a 
great  pit  in  these  gravels.  The  opening  is  eight  to  ten  feet  deep 
and  is  entirely  in  gravel,  which  extends  up  to  the  loam.  The  de- 
posit fills  the  old  valley  and  forms  a  broad  terrace  extending  to 
and  beyond  the  town  to  the  river. 

There  are  indications  of  gravel  along  the  north  fork  of  the 
Maquoketa  in  section  13,  North  Fork  township.  These  are  situ- 
ated well  back  from  the  river  and  rather  high  above  it,  but  are 
distinctly  of  the  valley  type.  They  are  fine,  red,  with  but  little 
coarse  matter.  Similar  gravels  occur  in  a  creek  valley  in  the 
southwest  quarter  of  section  13,  and  seem  to  form  terraces, 
backed  by  the  rocky  valley  walls. 

At  Eockville  there  are  gravels  on  both  sides  of  the  river.  On 
the  west  side  they  are  banked  on  a  rock  platform  and  are  twenty 
feet  thick.  They  contain  much  chert  but  little  foreign  coarse 
material.  In  the  vicinity  of  Worthington,  the  valley  is  quite 
broad  and  the  gravels  extend  back  from  the  main  stream  up  a 
tributary  valley  and  underlie  the  village  to  a  considerable  extent. 

In  addition  to  the  valley  deposits  the  upland  gravels  are  very 
generously  distributed  over  the  county.  Thus  the  road  from 
Monticello  to  Manchester  passes  over  numerous  beds,  as  for  in- 
stance, in  sections  20  and  27  of  Union  township,  7  and  11  of  Ha- 
zel Green  and  many  other  points.  A  number  of  these  are  indi- 
cated on  the  map  of  Delaware  county  in  volume  VIII,  Iowa  Geo- 
logical Survey  reports,  and  detailed  descriptions  are  given  by 
Dr.  Calvin  of  numerous  pits  and  butcrops. 
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Stone. 

The  Niagaran  limestone  forms  the  country  rock  over  nearly 
the  entire  county  and  furnishes  an  unlimited  quantity  of  stone 
suitable  for  structural  purposes,  crushed  stone  and  lime.  Nu- 
merous outcrops  appear  along  the  principal  rivers  and  most  of 
their  tributaries,  and  these  have  been  developed  to  meet  the 
merely  local  demands.  Quarries  have  been  opened  at  a  large 
number  of  points,  especially  in  the  northeastern  half  of  the 
county.  According  to  Calvin,  there  are  two  horizons  at  which 
evenly-bedded,  easily-quarried  stone  occurs,  and  the  quality  of 
the  stone  at  both  horizons  is  such  as  to  place  it  among  the  best 
in  Iowa.  The  lower  stone  horizon  begins  about  thirty  feet  above 
the  base  of  the  Niagaran  limestone  and  has  a  thickness  of  more 
than  thirty  feet.  The  other  horizon  occurs  near  the  top  of  the 
Delaware  stage,  above  the  Pentamerus  beds,  and  has  about  the 
same  thickness  as  the  lower  quarry  stone  horizon. 

The  principal  quarries  of  the  lower  horizon  are  located  in  Elk 
township.  There  are  at  least  four  in  section  16,  one  in  section 
23,  and  two  or  three  occur  in  section  2.  All  are  worked  more  or 
le^s  constantly  during  the  summer  season. 

The  Wilcox  quarry  is  located  on  the  southwest  quarter  of  sec- 
tion 16,  and  is  typical  of  all  the  others  at  this  geological  level.  It 
presents  a  vertical  face  of  about  thirty  feet.  The  beds  range 
from  three  or  four  to  thirty-six  inches  in  thickness.  The  heavier 
layers  are  toward  the  top  of  the  exposure,  and  some  of  these 
contain  numerous  cherty  concretions.  Near  the  base  of  the 
quarry  the  stone  lies  in  thinner  layers  and  is  free  from  chert. 
The  quarry  is  capable  of  yielding  good  material  for  cut  dimen- 
sion stone,  all  kinds  of  ashlar  work,  rubble  and  heavy  dimension 
stone  for  bridge  piers.  A  great  number  of  joints  trending  south- 
west-northeast cut  vertically  through  the  strata.  The  best  ma- 
terial for  cut  stone  lies  about  the  middle  of  the  quarry  section. 
Here  the  beds  are  free  from  chert,  and  the  surfaces  of  the  indi- 
vidual layers  are  comparatively  parallel  planes.  Near  the  base 
of  the  quarry  the  layers  present  uneven  surfaces,  the  irregulari- 
ties resembling  the  effects  of  wave  action. 

The  Wilcox  quarry  is  situated  on  the  north  side  of  a  triangular 
ridge  separating  two  converging  valleys.    Around  the  point  of 
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tke  liill,  and  almost  opposite  the  exposure  operated  by  Wilcox, 

another  opening  has  been  made  in  layers  corresponding  to  those 

in  tlae  upper  part  of  the  Wilcox  quarry.    The  stone  is  weathered 

at  tlie  top,  and  is  overlain  by  dark  brown  residual  clay,  residual 

<!:\iert  and  a  thin  layer  of  loess.    There  are  no  signs  of  drift.    If 

the  Kansan  drift  was  ever  laid  down  in  this  locality  it  was  en- 

^rely  removed  by  erosion  before  the  deposition  of  the  loess.   All 

ttie  other  quarries  opened  at  this  horizon  show  essentially  the 

same  details  as  those  described. 

Eegularly  bedded  limestones,  apparently  similar  to  the  beds 

worked,  continue  below  the  base  of  the  Wilcox  quarry  for  at  least 

fifteen  feet,  and  hence  there  is  a  total  thickness  of  forty-five 

feet  of  beds  that  might  be  quarried.    Between  the  quarry  stone 

and  the  horizontally  laminated  beds  at  the  base  of  the  Niagaran 

there  is  a  rather  gradual  transition  through  strata  intermediate 

in  character.    No  fossils  were  iioted  either  in  the  basal  beds  or 

in  the  quarry  stone. 

There  are  quarries  .at  the  same  horizon  in  Bremen  township. 
One  of  these  is  located  south  of  the  center  of  section  13,  and  there 
are  two  or  three  in  section  26.    A  quarry  in  the  northern  part  of 
section  26  furnishes  good  stone  for  rough  masonry.    The  rock  is 
granular,  vesicular,  much  pitted  by  weathering  where  exposed, 
rather  evenly  bedded ;  beds  are  horizontal  and  vary  from  a  few 
inches  to  more  than  a  foot  in  thickness.   The  pitted  condition  due 
to  weathering  is  peculiar  and  distinguishes  the  rock  of  this  lo- 
cality from  the  equivalent  beds  on  Elk  creek.    The  quality  i&  in- 
ferior when  compared  with  stone  from  the  Elk  creek  quarries. 
Another  quarry  in  which-  the  stone  shows  similar  peculiarities 
of  weathering  occurs  a  short  distance  southwest  of  the  center  of 
fiection  26,  Bremen  township. 

Beds  of  this  lower  quarry  stone  horizon,  resembling  those  on 
Elk  creek,  are  exposed  at  many  points  along  Little  Turkey  river 
and  its  branches  in  the  northeastern  part  of  Colony  township. 

The  city  of  Hopkinton  owns  and  operates  a  quarry  at  the 
north  edge  of  town.  It  is  opened  in  the  face  of  the  scarp  over- 
looking the  valley  of  Maquoketa  river.  Although  the  Chicago, 
Milwaukee  &  Saint  Paul  railroad  runs  close  by  the  quarry,  there 
are  no  railroad  connections.  A  crusher  operated  by  a  traction  en- 


2^2  ROAD  AND  CONCRETE  MATERIALS  IN  IOWA 

gine  isusBci  for  makiag  macadam,  and  only  crashed  stone  is 
being  removed  at  present.  The  beds  now  used  constitute  a 
thickness  of  eight  to  ten  feet  of  buff,  granular  dolomite  in  layers 
four  to  eighteen  inches  thick.  Intercalated  between  the  beds  are 
chert  bands,  some  of  which  also  run  through  the  strata.  Above 
the  beds  used  are  fifteen  feet  of  similar  rock,  but  some  of  these 
upper  layers,  notably  the  upper  two  feet,  break  into  irregular 
laminae  one  inch,  more  or  less,  in  thickness.  There  is  no  flint 
in  the  upper  layer. 

The  beds  represented  in  this  quarry  are  doubtless  to  be  cor- 
related with  the  lower  quarry  horizon  of  the  Hopkinton  stage 
of  the  Niagaran,  as  defined  by  Calvin. 

The  best  exposures  of  the  upper  quarry  horizon  are  seen  in 
Union  township,  a  few  miles  southwest  of  Hopkinton.  The  Mer- 
riam  quarry,  in  the  southeast  quarter  of  section  23,  has  been 
worked  longer  than  any  of  the  rest,  and  may  serve  as  a  general 
illustration.    The  section  is  about  as  follows : 

MERRIAM  SECTION. 

FEET. 

11.    Layers  of  limestone  alternating  with  layers  of  chert  each 

about  three  inches  thick 2V« 

10.     Single  layer,  with  embedded  concretions  of  chert 2 

9.    Three  to  six-inch  layers  of  limestone,  alternating  with  two 

to  three-inch  layers  of  broken  chert : 5 

8.  Pair  rock  with   little   chert 1^4 

7.  Even-grained  rock,  cleavable   •/« 

6.  Good  quarry  atone  in  several  layers 3 

5.  Compact  layer  with  large,  flat  Pentamerus 2 

4.  Lowest  layer  worked ■/, 

3.  Vesicular  ledges  below  base  of  quarry 3 

2.  Cherty  layers 4 

1.  Cherty  and  vesicular  layers  down  to  talus 18 

The  Merriam  quarry  has  from  fifteen  to  twenty  feet  of  excel- 
lent quarry  stone.  There  are  two  or  three  other  quarries  worked 
at  the  same  horizon  in  the  saine  quarter  section. 

The  Loop  quarry  is  situated  in  the  northwest  quarter  of  sec- 
tion 25,  Union  township,  about  one  mile  southeast  of  the  Mer- 
riam quarry.  This  quarry  has  been  worked  for  a  number  of 
years,  and  it  is  capable  of  furnishing  a  large  amount  of  valuable 
building  stone.    The  stone  is  fine-grained,  homogeneous,  easily 
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worked  and  of  good  color.  As  the  quarry  is  carried  farther  back 
into  the  hill,  the  aggregate  thickness  of  the  available  stone  will 
increase  to  twenty-five  or  thirty  feet.  The  beds  now  exposed 
furnish  excellent  material  for  rubble,  range  courses  and  dimen- 
sion stone  up  to  ten  inches  in  thickness. 

Quarry  stone  belonging  to  the  Merriam  quarry  horizon  crops 
out  at  a  number  of  points  along  a  small  ravine  in  the  east  half 
of  section  17,  South  Fork  township.  The  bedding  seems  to  be 
thinner  here  than  on  the  west  side  of  the  Maquoketa  in  Union 
township.  Some  of  the  beds,  however,  are  ten  inches  in  thick- 
ness; and  quarries  worked  on  the  northeast  quarter  of  section 
17,  and  on  the  southeast  quarter  of  the  same  section,  have  fur- 
nished a  large  amount  of  good  building  stone  for  local  use.  An- 
other small  opening  at  this  same  horizon  was  noted  in  section  14 
of  South  Fork  township. 

There  are  several  quarries  in  the  upper  building  stone  beds 
in  Milo  township.  The  largest  are  located  in  the  eastern  part 
of  section  9,  near  the  north  end  of  the  highlands,  called  in  Cal- 
vin's report  on  Delaware  county  the  Delhi  plateau.  The  land  on 
which  the  quarrying  is  done  is  nearly  200  feet  higher  than  Ma- 
quoketa river  at  the  nearest  point.  The  rock  is  here  less  mag- 
nesian  than  at  other  exposures  in  the  county.  A  large  proportion 
of  it  is  bluish  in  color,  and  there  are  many  large  pockets  of  cal- 
cite.  The  bedding  is  quite  regular,  but  the  quality  of  the  stone 
is  not  equal  to  that  at  the  Merriam  and  Loop  quarries  farther 
south.  A  much  better  quality  of  stone  is  furnished  by  the  Mat- 
thews quarry,  located  near  the  center  of  section  4.  The  Mat- 
thews quarry  has  beds  ranging  from  two  inches  up  to  two  feet 
in  thickness.  The  stone  has  a  good  color,  rather  fine  texture,  and 
may  be  used  for  the  better  grades  of  structural  work. 

In  Delhi  township  the  upper  quarry  stone  is  worked  to  some 
extent  at  BeaPs  quarry,  in  the  town  of  Delhi.  It  is  exposed  and 
might  be  easily  quarried,  in  the  bluff  south  of  Fleming's  mills, 
in  section  29,  and  there  are  a  number  of  other  exposures,  though 
at  rather  inaccessible  points,  along  the  bluffs  of  the  Maquoketa, 
in  sections  29,  30,  33,  34  and  35.  A  small  quarry  capable  of 
affording  very  excellent  stone  is  opened  on  the  northeast  quarter 
of  section  23. 
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The  Pentamems  beds  are  usually  massive  and  break  on  quar- 
rying into  shapeless  pieces,  but  at  a  few  points  in  the  eounty  fhey 
lie  in  comparatively  thin,  even  layers  that  may  be  quarried  with- 
out difficulty,  and  yield  stone  suitable  for  a  number  of  purposes. 
The  position  of  the  Pentamerus  beds  is  between  the  two  quarry 
"  stone  horizons  already  described.  A  small  quarry  is  worked  in 
the  Pentamerus  horizon  in  the  northwest  quarter  of  section  3, 
Colony  township.  In  the  same  township  there  is  another  quarry 
at  this  horizon  near  the  center  of  section  27,  and  still  another  is 
worked  in  the  southwest  quarter  of  section  35.  The  last  men- 
tioned has  been  operated  more  extensively  than  the  other  two. 
The  quarry  face  is  about  eight  feet  in  height  The  beds  are 
somewhat  shattered  near  the  top.  Chert  is  abundant  as  partings 
between  the  layers  or  as  concretions  embedded  in  them.  The 
limestone  is  overlain  by  a  very  reddish  brown,  pebbly  Kansan 
drift. 

Some  of  the  most  important  quarries  worked  in  the  Pentam- 
erus beds  are  located  in  the  southwest  quarter  of  the  northwest 
quarter  of  section  31,  Bremen  township.  In  one  of  these  quar- 
ries there  is  an  exposed  section,  thirteen  feet  in  thickness,  which 
shows : 


In   Bection    31.    Bremen 
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2.    Coarse  vesicular  stone  in  heavy  ledges,  ledges  varying  from 

eight  to  thirty  inches  in  thickness 8 

L  Evenly  l)edded  stone  in  layers  two  to  six  inches  in  thickness. 
Some  of  the  layers  contain  Pentamerus  oblonffus  with 
shells  partly  preserved.  Stone  is  soft  earthy  dolomite, 
with  some  chert 6 

The  massive  beds  of  No.  2  contain  Lyellia,  Favosites  and  other 
corals.  These  thick  ledges  are  undermined  in  taking  out  the 
thinner  layers  of  No.  1,  and  great  blocks  left  without  support, 
fall  down  on  the  floor  of  the  quarry. 

Some  stone  is  obtained  from  this  horizon  near  Sand  Spring 
in  South  Fork  township.  Pentamerus  limestone  is  used  for 
foundations  and  bridge  piers  at  Forestville  in  Eichland  town- 
ship. Near  the  northwest  comer  of  section  2,  Milo  township, 
there  is  a  small  quarry  that  with  rather  coarse,  thin-bedded  lime- 
stone, furnishes  an  unusual  amount  of  chert. 

DBS  MOINES  COUNTY. 
Sand  akd  Graykl. 

The  gravel  and  sand  resources  of  Des  Moines  county  are 
mainly  of  two  kinds :  river  sands  and  lenticular  deposits  in  the 
drift  hills.  Eiver  terraces  also  furnish  some  sand  and  gravel, 
but  these  are  relatively  small  and  unimportant. 

Sands. — Sand  for  building  and  other  purposes  may  be  ob- 
tained from  several  geological  formations.  Commonly  it  is  taken 
from  the  bars  in  the  streams.  At  Burlington,  where  the  channel 
of  the  Mississippi  comes  up  to  the  very  foot  of  the  escarpment 
on  the  west  side  of  the  river,  the  sand  used  is  dredged  up  from 
the  bottom  of  the  stream  and  carried  over  to  the  dty  in  barges. 
As  a  rule  the  river  sand  is  quite  dean,  sharp  and  well  adapted 
for  mortars  of  all  kinds.  In  the  drift  deposits  numerous  lenticu- 
lar beds  of  fine  to  coarse  sand  occur  and  are  available  in  every 
township  of  the  county.  Often  considerable  coarse  material 
and  gravel  are  mixed  or  interstratified  with  fine  sand,  but  this 
rarely  prevents  the  latter  from  being  utilized. 

Terraces. — Owing  to  the  westward  deflection  of  the  Mississippi 
opposite  Oquawka,  the  river  is  brought  directly  against  the  hard 

IS 
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limestone  wall  which  marks  its  immediate  valley.  Terraces  con- 
sequently have  an  unimportant  development.  The  principal  evi- 
dences of  terrace  formation  are  at  the  mouth  of  Flint  creek  above 
Burlington,  and  north  of  the  mouth  of  Skunk  river.  In  the 
northern  part  of  the  county  low  terraces  also  exist.  The  ter- 
races at  the  mouth  of  the  Flint  are  about  thirty  feet  above  the 
flood  plain  of  the  Mississippi.  A  vertical  section  of  the  different 
beds  comprising  it  is  shown  in  the  section  at  the  mouth  of  Flint 
creek. 

Stone. 

The  Kinderhook  beds  are  believed  to  form  the  country  rock 
under  the  Mississippi  bottom  lands  along  the  entire  east  front 
of  the  county.  They  appear  near  the  base  of  the  bluffs,  overlain 
by  the  heavy  Osage,  or  Augusta  limestones,  for  practically  the 
same  distance  and  for  about  six  miles  up  Skunk  river.  They 
present  thejr  maximum  exposure  in  the  city  of  Burlington  at 
Prospect  Hill,  and  at  Cascade  in  the  bluffs  and  in  the  pit  of  the 
Granite  Brick  Company.  According  to  Keyes  and  Weller,  the 
Eanderhook  section  at  Prospect  Hill  is  as  follows : 

SECTION    AT    PROSPECT    HILL.    BURLINGTON. 

FXET. 

12.    Loess 15 

11.    TUl;  yellowish  brown  clay,  with  pebbles  and  small  bowlders      8 

10.    Limestone,  white,  thinly  bedded 10 

9.    Chert  and  siliceous  shales  with  thinv  Irregular  limestone 

beds,  white  and  red  in  color 20 

8.    Limestone,  brown  and  white,  rather  heavily  bedded,  coarse- 
grained, subcrystalline;  becoming  more  thinly  bedded  and 

cherty  above 25 

7.    Soft,  buff,  gritty  limestone 3!-5 

6.     White  oolitic  limestone 2-4 

5.    Fine-grained,  yellow  sandstone  6-7 

4.    Pine-grained,  compact,  fragments!  gray  limestone 12-18 

3.    Thin  band  of  hard,  impure  limestone  filled  with  Chonetes; 

sometimes  associated  with  a  thin  oolite  band ^-%. 

2.  Soft,  friable,  argillaceous  sandstone,  sometimes  harder  and 
bluish  in  color,  filled  with  fossils  in  the  upper  portion,  the 
most  abundant  of  which  Is  Chonopectus  fischeri 25 

1.    Soft  blue  argillaceous  shale  (exposed) 60 

Number  7  is  somewhat  earthy  and  magnesian  and  ordinarily  is 
not  suflSciently  indurated  to.  be  used  as  a  quarry  rock.    In  the 
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Union    Depot 


inty,    showing    chert 


-a.      Set^tlnn    i 
beds. 

t).     North  end  of  Government  quarries  below  BurllnKton.  Des  Uolnes 
county,  showing  the  KInderhook  limestone. 
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Govemment  quarries  below  Cascade  it  has  been  taken  out  for 
use  in  the  river  improvement  work.  The  oolite  is  not  constant 
in  thickness,  but  ranges  from  one  and  one-half  to  four  feet.  It 
is  usually  fairly  massive  and  compact  and  when  properly  selected 
has  proven  satisfactory  as  a  dimension  stone.  It  appears  to  be 
persistent  as  it  has  been  seen  along  Flint  river  and  south  as  far 
as  Patterson.  Numbers  2  to  4  inclusive  are  usually  not  suffi- 
ciently indurated  to  be  used  as  quarry  stone.  Number  4  espe- 
cially is  oftentimes  very  friable  and  is  to  some  extent  a  source 
of  building  and  molders'  sand.  The  shale  is  by  far  the  most  im- 
portant member  from  a  geological  and  also  from  an  economic 
standpoint.  It  is  a  massive  deposit  ranging  from  blue  to  blue- 
gray  in  color,  almost  gritless.  The  beds  are  almost  nonfissile, 
liigh  in  silica  and  comparatively  low  in  alumina.  They  show  an 
increase  in  silica  upward  and  grade  almost  insensibly  into  a 
soft  argillaceous  sandstone  above.  The  shale  shows  a  maximum 
exposure  of  sixty  feet  and  is  known  to  extend  at  least  one  hun- 
dred feet  below  the  water  level  in  the  river. 

The  nonresistant  character  of  the  Kinderhook  beds  is  in  very 
large  measure  responsible  for  the  steep  bluffs  which  face  the 
Mississippi  river  and  larger  tributaries. 

Limestones  and  shales  which  have  been  referred  to  the  Osage 
stage  of  the  Lower  Carboniferous,  immediately  underlie  the 
drift  over  by  far  the  larger  portion  of  the  county.  The  lime- 
stones greatly  predominate,  although  the  shales  become  promi- 
nent near  the  top  of  the  series. 

For  convenience  of  discussion,  the  Osage,  as  developed  in  Des 
Moines  county,  may  be  divided  into  five  fairly  well  defined  mem- 
bers :  the  Lower  and  Upper  Burlington  limestone ;  the  Montrose 
cherts;  the  Keokuk  limestone  and  the  Keokuk  and  Warsaw 
shales. 

The  limestones  are  prevailingly  pure,  orinoidal  and  cherty 
throughout.  The  first  and  fourth  members  are  heavy-bedded 
and  coarse-textured,  while  the  second  and  third  are  generally 
thinly,  often  irregularly  bedded  limestones. 

The  two  divisions  of  the  Burlington  are  the  most  conspicuous 
formations  in  the  county,  and  form  the  steep  bluffs  which  face 
the  Mississippi,  and  its  leading  tributaries  for  a  short  distance 
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above  their  debouchures,  along  the  entire  length  of  the  county, 
and  Skunk  river  across  the  larger  portion  of  the  county's  width. 

The  Lower  Burlington  occupies  about  fifty  feet  in  vertical 
section,  including  about  twenty  feet  of  calcareous  shales  at  the 
top.  The  limestone  is  coarse-grained,  subcrystalline,  varying 
from  pure  white  to  brown  or  rusty  in  color,  and  occurs  in  rather 
heavy  beds,  especially  near  the  base.  Normally  the  rock  is  gray, 
the  rusty  brown  being  due  to  water  staining.  It  is  often  quite 
cavernous.  The  upper  shaly  horizon  carries  much  chert  in  con- 
cretions and  bands  and  some  calcareous  ledges.  The  limeatone 
is  suitable  for  structural  materials  throughout,  while  the  shale 
is  practically  worthless. 

The  Upper  Burlington  lies  in  thinner  beds,  and  is  more  cherty 
and  more  shaly  throughout  than  the  lower  member. 

The  most  typical  section  of  the  Upper  Burlington  is  shown  in 
the  Miller  quarry,  just  above  Cascade. 

SECTION  AT  THE   MILLER  QUARRY. 


• 


8.    Loess 12 

7.    Drift 3 

6.    Limestone  and  chert  8 

6.    Limestone,  brown   and   white,   banded   with   chert,   thinly 

bedded 6 

4.    Limestone,  gray  and  white,  heavily  bedded 10 

3.    Shale,  blue,  argillaceous,  fossiliferous 2 

2.    Limestone,  heavily  bedded,  white 5 

1.    Shale,  blue,  exposed  4 

The  majority  of  the  quarries  in  the  county  are  developing  the 
Upper  Burlington  limestone.  Quarries  may  be  opened  at  almost 
any  plkce  in  the  faces  of  the  bluffs  fronting  the  larger  streams, 
and  excellent  transportation  facilities  by  both  rail  and  water  are 
often  available.  Some  of  the  more  representative  quarry  sec^ 
tions  are  appended  herewith : 

CITY    QUARRT,    NEAR   MAIDEN   LANE    AND    SEVENTH    STREETS. 


6.  Loess  12 

5.  Drift    2 

4.  Limestone,  white,  rather  brittle,  thinly  bedded. . . .' 8 

3.  Limestone,   yellowish,   heavily  'bedded 6 

2.  Limestone,  poorly  bedded,  with  considerable  sandy  clay  and 

chert    2 

1.  Limestone,  white,  solid  bed 
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The  quarry  supplies  stone  suitable  for  curbing  and  other 
dressed  stone  from  numbers  1  and  3.  The  waste  from  these 
layers  and  from  numbers  2  and  4  can  be  used  for  macadam  and 
other  crushed  stone  purposes. 

Extensive  quarries  were  operated  by  the  government  at  Picnic 
Point  about  two  miles  south  of  Cascade.  These  quarries  are 
now  idle.    The  quarry  section  exposed  is  as  follows : 

PICNIC  POINT  QUARRY  SECTION. 

7.    Loess  and  drift  up  to 15 

6.  Limestone,  very  cherty,  brown,  subcrystalline,  chert  weath- 
ers yellowish   10 

5.    Limestone,  brown,  encrinital,  subcrystalline,  ohert  mainly 

in  two  zones;  much  weathered  and  cayemous  in  places..     10 

4.    Limestone,  ooHtic,  somewhat  weathered 1% 

3.  Sandstone,  argillaceous  and  caJcareous,  heavy  bedded  when 
fresh;  weathers  decidedly  shaly  above;  occasional  large 
cherts  in  upper  portion 6 

2.    Limestone,  concretionary  zone,  white  and  blue  limestone, 

weathers  yellow,  and  breaks  up  into  thin,  irregular  layers      9 

1.  Sandstone,  argillaceous,  white,  washes  on  exposure,  and 
apparently  is  pyritic;  has  a  decidedly  sulphurous  odor, 
exposed  10 

About  one  and  one-half  miles  below  the  government  quarries, 
some  quarrying  is  being  done.  Lime  was  burnt  here  and  two 
kilns  in  a  fair  state  of  preservation  still  mark  the  site.  The  beds 
exposed  are  practically  the  same  as  these  at  the  Picnic  Point 
outcrop. 

North  of  Burlington  good  outcrops  are  of  somewhat  less  ver- 
tical extent,  but  equally  numerous.  In  Flint  River  township  a 
quarry  on  the  northwest  quarter  of  the  southeast  quarter  of 
section  25  may  be  taken  as  a  type  and  is  given  below: 

LOFTUS  QUARRY  SECTION. 

nEBi. 

6.  Loess  4 

5.  Drift   10 

4.  Limestone,  thinly  bedded,  "wifth  considerable  chert 8 

3.  Limestone,  subcrystalline,  irregular,  heavily  bedded 10 

2.  Limestone,  white,  solid  bed 6 

1.  Limestone,  dark  gray,  somewhat  irregularly  bedded,  exposed  4 
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All  of  the  indurated  rocks  may  be  referred  to  the  Upper 
Burlington.  The  beds  may  be  viewed  still  farther  to  the  north- 
west in  Pleasant  Grove  township.  In  an  old  quarry  on  the  north- 
west quarter  of  section  12,  the  following  beds  may  be  made  out : 

PLEASANT  GROVE  SECTION. 

FEET. 

9.  Loess  and  drift 10 

9.  Limestone,  heavily  bedded 6 

7.  Limestone,  rather  brittle  and  poorly  bedded 2 

6.  Limestone,  white,  heavily  bedded 6 

6.  Shale,  yellow,  or  calcareous  sandstone 2 

4.  Limestone,  gray,  irregularly  bedded 4 

3.  Chert 1 

2.  Shale,  or  yellow  sandstone,  calcareous 2 

1.  Limestone,  thinly  bedded  3 

• 

Stone  is  supplied  to  Pleasant  Grove,  Washington,  and  a  large 
part  of  Yellow  Springs  and  Franklin  townships  from  these  quar- 
ries. The  stripping  increases  rapidly  back  from  the  face  of  the 
bluflF,  and  quarrying  has  been  and  is  carried  on  in  a  very  desul- 
tory manner. 

The  Montrose  cherts,  while  present  in  numerous  outcrops,  do 
not  contribute  materially  to  the  natural  wealth  of  the  county. 
Commercially  they  are  suitable  only  for  crushed  stone  products. 
They  are  best  exposed  along  Skunk  river.  The  chert  beds  rise 
to  the  north  and  only  rather  unimportant  detached  areas  are 
known. 

The  Keokuk  limestone  occupies  a  broad  belt  across  the  south- 
west portion  of  Des  Moines  county,  covering  about  one-fourth 
of  its  superficial  area.  This  limestone  is  distinguished  from  the 
Burlington,  lithologically,  by  its  prevailingly  blue  color,  less 
crystalline  texture,  and  greater  compactness. 

The  Keokuk  limestone  is  a  heavy  bedded,  reasonably  pure  cal- 
cium carbonate,  well  adapted  for  structural  purposes.  It  is  less 
quarried  than  the  Burlington,  on  account  of  greater  overburden 
and  poor  transportation  facilities. 

A  representative  section  may  be  viewed  in  the  vicinity  of 
Augusta,  where  both  the  Montrose  cherts  and  Keokuk  beds  are 
well  shown.    The  sequence  is  as  follows : 
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AUGUSTA  SBCTION.  

IXET. 

4.    Drift 8 

3.    Limestone,  bluish,  encrinital  in  places,  clay  partings,  often 

highly  fossiliferous  (Keokuk)    20 

2.    Chert,  white,  thinly  bedded,  with  thin  irregular  bandd  of 

limestone  (Montrose)  30 

1.  Limestone,  white,  coarse-grained,  encrinital  (Upper  Burling- 
ton), exposed  16 

Fa.xther  up  Skunk  river  the  Saint  Louis  limestone  and  Coal 
Measures  come  in,  and  the  Keokuk  beds  dip  below  the  level  of 
the  stream.  Small  quarries  have  been  worked  from  time  to 
tiine  in  Danville  and  Union  townships,  but  these  were  of  local 
interost  only.  In  many  of  the  outcrops,  cherty  material  is  so 
abnndant  that  the  stone  is  practically  worthless  save  for  crushed 
stoTie  purposes. 

Tlie  Saint  Louis  limestone  covers  a  small  area  in  the  southwest 
corner  of  the  county.  The  principal  outcrops  occur  in  the  val- 
^^ys  of  Long  and  Cedar  creeks  and  Skunk  river.  The  beds  com- 
prise, in  descending  order,  a  white  clay  marl;  gray,  flaglike 

^estone;  brown,  arenaceous  limestone;  and  a  concretionary 

and  brecciated  limestone. 

The  gray,  coarse-grained  limestone  is  regularly  bedded,  and 
occurs  in  thin,  flaglike  layers  from  two  to  five  inches  in  thick- 
ness. It  is  quite  compact  and  outcrops  on  Long  and  Cedar 
creeks  north  of  Augusta,  where  some  quarrying  has  been'  done. 

The  brecciated  limestone  is  a  very  fine-grained,  compact  lime- 
stone, light  blue  or  ash-gray  in  color,  and  breaks  with  a  well 
marked  conchoidal  fracture.  The  fragments  are  all  more  or  less 
angular  and  vary  in  size  from  microscopic  particles  to  blocks 
several  feet  in  length.  They  are  firmly  embedded  in  a  matrix 
of  a  hard,  greenish,  calcareous  clayey  material  which  weathers 
more  readily  than  the  limestone  fragments.  As  far  as  known 
the  flagstone  member  of  the  Saint  Louis  is  the  only  one  which 
has  been  quarried  and  the  beds  as  a  whole  are  much  less  impor- 
tant from  an  economic  standpoint  than  their  equivalents  in  Lee 
connty. 
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DICKINSON  COUNTY. 
Sand  and  Gkavel. 

Dickinson  county  is  abundantly  supplied  with  sand  and  gravel. 
The  melting  ice  of  the  Wisconsin  glacier  poured  its  flood  waters 
down  the  valleys  and  over  the  lowlands  to  the  south,  and  the 
courses  of  these  floods  are  marked  today  by  enormous  deposits 
of  sand  and  gravel.  The  hills  and  knobs  of  the  morainal  area 
within  the  county  likewise  add  their  portion  of  water-deposited 
materials  to  those  of  the  drainage  channels. 

Stream  Terraces. — Little  Sioux  river  furnished  an  excejlent 
channel  for  the  outpouring  waters  from  the  melting  ice,  and  re- 
ceived untold  quantities  of  outwash  materials,  which  today  may 
be  found  all  along  the  stream  as  a  more  or  less  persistent  ter- 
race. Gravel  pits  have  been  opened  in  several  places,  e.  g.,  in 
the  south  part  of  section  15,  and  on  the  east  side  of  the  stream 
on  the  line  between  sections  16  and  21,  Diamond  Lake  township. 
The  Rock  Island  Railway  Company  has  opened  an  extensive  pit 
in  section  29,  Diamond  Lake  township,  and  one  on  a  smaller 
scale  on  the  west  side  of  the  Little  Sioux  in  section  25,  Silver 
Lake  township.  These  terraces  are  not  continuous  nor  do  they 
appear  to  be  connected.    Both  seem  to  belong  to  the  same  stream. 

The  terraces  are  more  prominent  farther  south  and  after  the 
union  of  the  two  main  forks  of  the  Little  Sioux  become  highly 
important.  In  the  northwest  part  of  section  8,  Lakeville  town- 
ship, enormous  masses  of  gravel  and  sand  have  been  opened. 
Conspicuous  low  hills  east  of  the  river  running  thirty  to  forty 
feet  high  and  appearing  for  some  distance  north  and  south  are 
composed  almost  entirely  of  sorted  materials.    East  of  the  Sioux 

in  sections  21  and  28  of  Lakeville  township  are  the  same  low 
hills  thirty  to  thirty-five  feet  above  the  river,  capped  by  or  com- 
posed of  sand  and  gravel.  The  topography  is  exceedingly  rug- 
ged, and  these  gravels  were  no  doubt  deposited  by  the  river 
when  it  flowed  at  a  higher  level  than  now. 

Milford  terrace  is  a  huge  gravel  plain,  a  remarkable  piece  of 
evidence  of  the  tremendous  amount  of  materials  carried  out  and 
down  by  the  ancient  flood  waters.  (See  report  on  Osceola  county.) 
It  begins  north  of  the  town  of  Milford,  where  the  Wisconsin 
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moraine  ends,  and  seems  to  come  from  beneath  the  latter.  To 
the  south  it  is  a  pronounced  topographic  feature,  extending  down 
to  the  county  line  and  having  a  width  of  two  to  three  miles  most 
of  the  way.  The  north  portion  of  it  is  a  drift  surface  leveled  up 
by  the  deposition  of  gravel.  In  places  the  gravel  is  almost  ab- 
sent, in  others  just  present,  and  again  fifty  feet  thick.  The  first 
is  true  to  the  west,  where  the  Sioux  makes  its  ** debut."  The 
gravels  are  not  thick  under  Milford  as  a  rule.  Twelve  to  fifteen 
feet  may  be  seen  overlying  drift  in  the  southeast  part  of  section 
12,  on  the  west  side  of  the  railway  south  of  town.  Similar  out- 
crops appear  in  road  outs  in  many  places  in  south  and  southeast 
Milford;  drift  on  the  slopes  and  gravels  at  the  top.  The  only 
opening  of  any  size  is  in  southeast  Milford,  in  the  terrace  es- 
carpment bordering  the  old  mill  pond.  There  is  no  stripping 
Lere.  The  upper  four  to  six  feet  are  coarse  gravel  with  small 
bowlders  up  to  six  or  eight  inches,  badly  tumbled  up  and  iron- 
stained.  The  gray  granites  are  disintegrated  and  crumbly.  Be- 
low comes  clean,  fine  gravel  and  sand,  much  cross-  and  interbed- 
ded,  but  containing  few  pebbles  over  two  inches.  Occasionally 
small  lenses  of  plastic  clay  occur  just  below  the  upper  coarse 
part.   Upwards  of  thirteen  feet  of  good  gravel  are  open  to  view. 

The  main  pit  from  which  gravel  for  cement  work  is  being 
taken,  is  in  the  northwest  quarter  of  section  8,  Milford  township, 
a  mile  east  of  town.  There  is  less  coarse  material  than  in  the 
opening  noted  previously,  and  the  whole  is  rusty  in  appearance. 

Much  gravel  has  been  taken  from  the  John  Winton  pit  at  the 
northeas^  comer  of  town.  Here  there  are  exposed  some  thirty- 
five  or  forty  feet,  with  a  foot  or  less  to  strip.  The  top  is  coarse 
and  iron-stained,  and  the  upper  twenty  feet  have  occasional 
sand  bands.  Two  of  these  are  eight  to  ten  inches  thick,  and  con- 
tain a  considerable  amount  of  silt.  These  sandy-silty  seams 
stand  up  well,  and  do  not  slide  as  does  the  rest.  The  lower  part 
of  the  pit  has  more  sand,  but  there  is  much  coarse  material 
throughout. 

Thirty  feet  of  clean  gravel  are  exposed  in  a  road  cut  on  the 
county  line  at  the  southwest  corner  of  section  34,  Okoboji  town- 
ship. 
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In  reference  to  this  huge  outwash  plain,  Prof.  Ira  A.  Williams 
says:  '*It  is  useless  to  estimate  the  amount  of  sand  and  gravel 
available  in  Milford  terrace.  Where  it  can  be  observed  (there 
are  few  openings),  there  is  practically  no  stripping,  only  the  top 
few  feet  are  impure  and  bowldery,  and  below  is  clean,  moder- 
ately fine  sand  and  gravel  to  suit  the  purpose  surely  of  the  most 
fastidious/' 

Stony  creek  meanders  through  a  depression  often  marshy, 
usually  little  below  the  surrounding  country.  It  has,  however, 
after  its  escape  from  the  moraine  in  south  Excelsior  township, 
distributed  gravels  more  or  less  continuously  throughout  its 
course  in  the  county.  These  deposits  are  not  conspicuous,  but 
are  to  be  found  in  low  benches  skirting  the  stream,  now  on  one 
side  and  now  on  the  other,  more  often  on  the  east  than  on  the 
west  side.  The  gravels  are  usually  covered  with  a  few  feet  of 
soil  or  alluvial  material;  the  bench  itself  rises  but  six  or  eight 
feet  above  the  stream.  They  are  exposed  occasionally  in  road 
cuts,  e.  g.,  in  southeast  8  and  northeast  17  of  Westport  town- 
ship. At  the  latter  place  a  bank  of  four  or  five  feet  is  open  and 
is  being  put  to  much-needed  use  on  the  roads.  The  terrace  is  a 
plain  here,  being  from  a  quarter  to  one-third  of  a  mile  wide. 
The  same  gravels  may  be  seen  again  in  south  section  22  and 
north  27  at  the  creek.  Little  search  would  be  required  to  find 
within  reasonable  distance  ample  supplies  for  the  roads  of  the 
creek  bottom,  where  it  is  much  needed  and  where  it  is  generally 
conspicuously  lacking. 

Muddy  creek  is  for  the  greater  part  of  its  course  jbl  typical 
prairie  slough.  It  rises  in  marshes  in  section  3  of  Richland 
township  and  drains  in  most  imperfect  fashion  this  and  Lloyd 
township,  farther  south.  After  passing  Terril  in  the  latter  town- 
ship, the  stream  occupies  a  broader  and  more  definite  valley,  and 
becomes  a  prominent  water  course,  marked  here  and  there  by 
gravel  terraces  after  the  manner  of  all  south-flowing  streams 
in  this  part  of  Iowa. 

Kame  Deposits. — The  terminal  moraine  of  the  Wisconsin 
glacier  (Altamont  moraine)  cuts  across  Dickinson  county  from 
northwest  to  southeast.  The  kames  and  eskers  of  this  morainal 
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country  are  in  many  cases  either  capped  by  or  composed  entirely 
of  sand  and  gravel,  and  quite  a  large  number  of  them  have  been 
opened  and  are  now  furnishing  local  supplies.  West  of  the 
bridge  in  the  southwest  quarter  of  section  11,  Okoboji  township, 
gravel  is  being  taken  from  the  top  of  the  hills.  In  the  south 
parts  of  sections  3  and  4  in  the  same  township,  a  veneer  of  gravel 
covers  low  drift  hills  about  twenty-five  feet  above  water.  These 
may  be  seen  in  the  road  along  the  south  side  of  these  sections 
and  on  both  sides  of  a  small  stream  in  section  4u  The  low  hills 
bordering  the  creek  between  Rush  and  Pillsbury  lakes  are  kame- 
like  in  appearance  and  very  gravelly.  They  have  been  opened 
for  gravel  in  the  roadway  in  the  southeast  quarter  of  section  31, 
Lakeville  township.  In  section  1,  Westport,  and  section  36,  Ex- 
celsior townships,  occurs  a  series  of  low  hills,  which  are  no  doubt 
largely  composed  of  sand  and  gravel.  The  town  of  Spirit  Lake 
gets  sand  and  gravel  from  morainal  hills  in  southwest  33,  Spirit 
Lake  township,  and  northwest  2,  Lakeville  township. 

These  are  but  a  few  samples  of  the  many  openings  in  drift 
hills.  They  are  particularly  plentiful  around  Diamond  lake  and 
throughout  the  northern  half  of  the  county.  Many  hills  not  now 
open  will  no  doubt  yield  plentifully  of  both  road  and  concrete 
materials,  and  prove  a  valuable  asset  when  highway  improve- 
ment is  considered. 

Miscellaneous  Deposits. — Dickinson  county  is  the  classic  lake 
region  of  Iowa.  Besides  Spirit  lake  and  Okoboji  lake,  which  are 
widely  known  as  summer  resorts,  there  are  a  large  number  of 
smaller  lakes,  many  of  them  really  only  ponds.  Some  of  these 
lakes  have  sand  and  gravel  benches,  and  furnish  suitable  ma^ 
terial  for  local  consumption. 

Although  the  beach  sands  are  white  and  clean,  the  constituent 
grains  are  usually  more  rounded  and  smoother  than  those  of 
ordinary  water-carried  materials,  characteristics  not  favorable 
to  their  use  in  cement  work. 

The  state  forbids  the  removal  of  sand  and  gravel  from  the 
beaches  of  the  larger  lakes,  but  the  town  of  Spirit  Lake  obtains 
part  of  its  supply  from  the  northeast  beach  of  Center  lake. 

Others  of  the  smaller  lakes  supply  small  quantities  for 
local  use. 
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There  are  representatives  of  several  different  classes  of  sands 
and  gravels  in  this  area.  The  fine  clean  sands  of  the  Wisconsin 
stage  are  found  in  the  valley  of  the  Mississippi ;  the  coarser,  or 
at  least  more  weathered  gravels  of  the  Buchanan  stage  are 
strewn  along  the  drainage  course  of  Maquoketa  river,  and  up- 
land gravels  occur  at  numerous  points  over  the  higher  lands  of 
the  interior  of  the  county. 

Along  the  line  of  the  Chicago,  Milwaukee  &  Saint  Paul  Railway 
in  Mosalera  township  there  are  terraces  which  apparently  con- 
sist of  fine,  clean  sand,  and  in  the  abandoned  valley  of  Catfish 
creek  in  the  northwest  quarter  of  section  6  of  this  township,  a 
short  distance  up  the  Dlinois  Central  railroad  track,  is  a  bank 
of  sand  seventy-five  feet  high.  This  consists  entirely  of  the 
same  clean  fresh  sands  which  are  shown  down  the  river.     The 
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bank  extends  back  to  the  bluff  and  is  faced  by  a  similar  one  across 
the  valley  some  distance  beyond  the  point  at  which  the  creek 
leaves  it.  Where  the  railroad  crosses  the  wagon  road  leading 
from  Dubuque  to  Rockdale,  the  terraces  are  fifteen  to  twenty 
feet  above  the  stream.  The  railroad  has  used  large  quantities' 
of  these  sands  for  ballast. 

The  city  of  Dubuque  is  built  in  part  upon  one  of  these  ter- 
races.   Exposures  may  still  be  seen  in  the  northern  part  of  the 
city.    North  of  the  Dubuque  Shops,  for  instance,  is  exposed  a 
bank  of  fine  sand  twenty  feet  high.    The  lower  half  is  cross- 
bedded  in  bands  one-fourth  to  two  feet  thick  and  separated  by 
streaks  of  gravel  one-fourth  to  one  inch  thick.    Above  the  cross- 
bedded  part  are  two  feet  of  sandy  clay  and  then  come  eight  feet 
of  fine  sand.    The  terraces  extend  from  the  Dubuque  Shops  to 
Eagle  Point.    At  the  widest  point  the  bluffs  are  300  yards  back 
from  the  face  of  the  terrace.    The  sand  probably  fills  this  entire 
space.    At  the  face  the  terrace  is  ten  to  twelve  feet  higher  than 
at  some  distance  farther  back.    A  short  distance  north  of  the  pit 
described  above  are  two  or  three  other  large  openings  thirty  to 
forty-five  feet  deep.    One  of  these,  the  Beutin  pit,  shows  at  the 
base  twenty  feet  of  rather  coarse  gray  sand  with  local  clay 
streaks  up  to  twelve  inches  in  thickness  in  the  middle  of  the  bed. 
Then  comes  a  clay  band  sixteen  inches  in  thickness  and  above  it 
eight  to  fifteen  feet  of  fine,  yellow  sand,  like  dune  sand.    The 
sands  from  this  and  other  pits  are  used  for  plastering  and 
other  purposes. 

Peru  Bottoms  is  a  large  triangular  area  a  few  miles  north  of 
Dubuque,  in  which  a  considerable  deposit  of  sand  was  laid  down 
in  slack  water  back  from  the  main  current  of  the  stream.  The 
river  has  since  probably  cut  away  a  considerable  part  from  the 
front  and  Little  Maquoketa  river  has  carved  out  a  valley  for  its 
lower  course,  and  now  instead  of  running  southeast  from  Sage- 
ville,  it  runs  northeast  to  join  the  Mississippi  after  meandering 
across  several  miles  of  flood  plain.  There  still  remains,  how- 
ever, a  large  terrace  which  probably  contains  nearly  a. square 
mile.  This  rises  about  fifty  feet  above  the  river  and  seems  to 
be  composed  of  the  same  fine,  dean  sands  which  are  found  else- 
where along  the  river.    Some  coarser  material  up  to  one-fourth 
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or  one-half  inch  in  diameter  is  found.  Where  the  Little  Ma- 
quoketa  has  cut  away  the  rear  edge  of  the  deposit  it  has  left 
a  face  twenty  feet  or  more  in  height. 

In  the  old  valley  of  the  Little  Maquoketa,  which  extends  across 
Dubuque  and  Julien  townships,  are  some  hills  and  slopes  of  sand 
and  in  the  mouth  of  a  ravine  which  enters  the  valley,  opposite 
the  race  track,  is  a  small  terrace.  These  sands  are  similar  to 
those  previously  noted.  Another  sand  terrace  is  found  in  sec- 
tion 15,  Peru  township.  The  upper  valley  of  the  Little  Maquo- 
keta does  not  seem  to  bear  extensive  deposits  of  detrital  mate- 
rial, though  small  banks  occur  in  the  stream  bed  and  may  be 
useful  for  local  purposes. 

A  number  of  exposures  of  Buchanan  gravels  are  mentioned  by 
Calvin  and  Bain  in  their  report  on  Dubuque  county.*  These 
occur  chiefly  on  the  uplands  where  stream  erosion  has  not  yet 
reached  them.  Some  of  these  localities  are:  One  at  Peosta  and 
another  three-fourths  mile  east  of  the  same  town;  one  at  Ep- 
worth  and  another  a  short  distance  northwest  of  the  village; 
also  one  a  quarter  of  a  mile  south  of  the  northwest  comer  of 
section  3,  Taylor  township.  These  beds  are  made  up  of  typical 
coarse  upland  Buchanan  gravels  and  as  such  are  admirably 
suited  for  either  road  or  concrete  work. 

In  Cascade  township  are  a  number  of  beds  of  high  level  gravels 
on  the  hilltops.  As  examples  may  be  mentioned  one  on  the  road 
between  the  south  parts  of  sections  14  and  15,  one  near  the  cen- 
ter of  section  16,  another  just  over  the  line  in  section  21,  near  the 
roadside,  and  one  near  the  middle  of  the  east  line  of  section  22. 
Many  of  these  are  typical  of  the  upland  phase,  coarse,  red,  with 
pebbles  and  bowlders.  That  in  section  16  is  part  of  a  low  ridge 
rising  above  the  surrounding  fields.  It  has  been  worked  to  a 
depth  of  six  feet  or  more  and  consists  of  very  rusty  gravels  with 
much  foreign  material  and  local  chert. 

Along  the  public  road  and  the  Illinois  Central  track  in  sec- 
tions 3  and  4  of  Dodge  and  33  of  New  Wine  townships  are 
gravels  which  form  a  conspicuous  ridge  extending  for  a  consid- 
erable distance  parallel  to  the  roads.    The  gravels  are  dark  red, 

•Iowa  Geol.  Surv.,  Vol.  X.   pp.   467,  468. 
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rather  coarse  and  contain  bowlderets  up  to  six,  eight  or  ten 
inches  in  diameter.  These  gravels  are  of  such  excellent  charac- 
ter and  so  conveniently  located  that  they  should  be  more  widely 
used  than  has  been  the  case.  Where  they  have  been  applied  to 
the  roads  they  have  made  a  very  decided  improvement. 

The  north  fork  of  the  Maquoketa  shows  numerous  bodies  of 
detrital  matter  from  the  neighborhood  of  Dyersville  southward. 
A  part  of  the  town  is  built  on  a  terrace  of  typical  Buchanan 
gravels,  which  in  their  upper  parts  are  of  medium  fineness,  but 
are  probably  finer  below.  This  terrace  extends  up  the  river  a 
short  distance  above  town,  but  the  country  soon  becomes  rough 
and  deeply  loess-covered,  so  that  no  gravels  are  exposed,  except 
a  little  at  New  Vienna.  In  the  valley  of  Bear  creek  are  abundant 
gravels,  but  as  these  are  nearly  all  in  Delaware  county,  their 
discussion  will  be  found  in  connection  with  that  county. 

Between  Eockville  in  Delaware  county  and  Worthington  in 
Dubuque  is  a  rather  high  terrace  which  is  practically  continuous, 
and  upon  which  the  town  of  Worthington  is  built.  The  terrace 
continues  at  intervals  to  Cascade.  A  stream  valley  in  section 
21,  Cascade  township,  is  filled  with  fiqe  sand  and  gravel  layers 
down  to  the  river.  Through  sections  27,  26,  25  and  36  these  ter- 
races are  well  developed.  In  the  southeast  quarter  of  section  26 
a  gully  has  cut  into  the  sands  eight  or  ten  feet,  showing  coarser 
gravels  at  the  top,  and  the  whole  overlain  by  oxidized,  jointed 
days. 

Stone. 

The  Ordovidan  system,  as  developed  in  Dubuque  county,  com- 
prises four  well-marked  divisions,  the  Saint  Peter  sandstone, 
the  Platteville  limestone,  the  Galena  limestone,  and  the  Ma- 
quoketa shales.  Exposures  of  the  first  occur  along  the  Missis- 
sippi bluffs  from  a  mile  or  two  above  Spechts  Ferry  to  Zollicof- 

f er  Lake,  a  distance  of  five  or  six  miles.  It  is  represented  by  a 
rather  ferruginous,  variegated,  coarse-grained  sandstone.  It 
is  friable,  though  the  upper  beds  are  sometimes  sufficiently  in- 
durated to  be  used  as  a  quarry  stone.  It  has  been  used  to  some 
extent  in  the  vicinity  of  Spechts  Ferry. 

16 
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The  Platteville  limestone  comprises  a  series  of  interbedded 
limestones  and  shales,  some  of  the  limestone  beds  being  dolomit- 
ized.  A  general  section,  according  to  Calvin  and  Bain,  is  as 
follows :  

FEET. 

8.  Shale  to  shaly  limestone  or  interbedded  limesitoneB  and  shales      5 

7.  Limestone,    bluish,    rather   coarse-grained,    in   thin   layers 

ran^ng  from  three  to  six  inches  in  thickness 25 

6.  Shale,  bluish  or  greenish,  very  soft,  plastic,  with  thin  len- 
ticular sheets  of  limestone  distributed  irregularly  through 
it  ("Green  shales")    12 

5.    Limestone,  bluish  beds,  weathering  brown,  coarser  grained 

and  less  f ossilif erous  than  beds  below 5 

4.    Limestone,  heavier,  coarser  layers,  ledges  up  to  fifteen  inches, 

resist  weathering  well 5 

3.  Limestone,  blue,  thinly  bedded,  fine-grained,  brittle,  fossillf- 
erous,  bedding  planes  v&ry  uneven  and  undulating,  weath- 
ered surfaces  show  thin  shale  partings;  shale  often  quite 
bituminous.  With  the  two  zones  above  constitutes  the 
"Lower  Blue  Beds" 20 

2.  Limestone,  dolomitic,  earthy,  impure,  noncrystalline,  hard, 
firm;  beds  range  from  eight  inches  to  three  feet  In  thick- 
ness and  are  well  suited  for  heavy  masonry.  "The  Lower 
Buff  Beds"   18-20 

1.    Shale,  bluish  to  greenish,  weathers  to  ashen  or  yellow, 

"Basal  Shale" 3-6 

Number  2  in  this  section  is  the  most  highly  prized  for  quarry 
purposes,  although  quite  •  generally  obscured  by  talus  slopes. 
This  is  the  horizon  which  has  been  so  extensively  developed  and 
is  deservedly  popular  for  heavy  masonry  at  Minneapolis  and 
Saint  Paul. 

The  following  sections  in  the  vicinity  of  Spechts  Ferry  give 
the  details  of  the  Platteville. 

SPECHTS  PERRY  SECTION.  ,„„_ 

11.    Dolomite,  thin-bedded,  brown,  with  shaly  partings  (Galena)      4 
10.    Limestone,  thin-bedded,  imperfectly  dolomitized,  with  fos- 
sil  brachiopod   shells   only   slightly   changed;    the  lime- 
stone  brown,    earthy,    noncrystalline,    but   evidently   of 
the  Galena  type 3 

9.  Limestone,  thick,  earthy,  imperfectly  dolomitized  (Galena)       3 

8.  Limestone,   thin  beds  with  much   shale   in  the  partings; 

in  part  a  true  shale.  This  member  is  almost  entirely 
shaly  a  few  rods  above  the  station  on  the  road  leading 
to  Dubuque  5 

7.  Limestone,  bluish,  rather  coarse-grained,  with  disseminated 
fossils;  in  beds  varying  from  three  to  six  inches  in.  thick- 
ness         25 

6.  Shale,  bluish  or  greenish,  containing  occasional  thin  beds 
or  discontinuous  flakes  of  limestone;  the  "Green  Shales" 
of  the  Minnesota  geologists 12 

6.    Limestone,    thin    bedded,    bluish,    rather    coarse-grained, 

weathering  brownish  in  color 5 
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FEET. 

4.  Limestone  In  rather  heavy  layers  ^hlch  range  nip  to  fifteen 

inches  In  thickness;  iblulsh  on  fresh  fracture,  but  weath- 
ering to  huff  on  exposure 5 

3.  Limestone,    brittle,    fine-grained,    blue,    very   fosslllferous,' 

breaking  up  on  weathered  surfaces  Into  flezuous  layers 
about  two  Inches  In  thickness 20 

2.  Limestone,  "Lower  Buff  Beds,"  exposed,  about 8 

1.  Limestone;  unexposed  to  level  of  water  In  river,  about 45 

About  three-fourths  of  a  mile  below  Spechts  Ferry  the  ' '  Lower 
Buff  Beds ' '  show  a  thickness  of  twenty  feet.  A  quarry  in  sec- 
tion 10  of  Peru  township,  two  miles  below  Spechts  Ferry,  shows 
the  following  beds : 

FEET. 

5.  Limestone,  blue,  thin-bedded  at  the  top  of  the  section 2 

4.  Shale,  the  equivalent  of  the  '"Qreen  Shales" 8 

3.  Limestone,   heavy   ledges    of    fairly   good   building   stone, 

bluish,    but   weathering   Into   buff   on    exposed    surfaces, 
equivalent  to  numbers  4  and  5  of  the  Spechts  Ferry  section    10 

2.  Limestone,   thln4)edded,   brittle,   blue,    fosslllferous    16 

1.    Limestone,  heavy,  "Lower  Buff  Beds,"  good  quarry  stone.     10 

The  Lower  Buff  Beds  are  not  suflSciently  accessible  to  attain 
much  importance  in  the  county  as  a  quarry  stone.  The  pure 
hmestone  beds  above,  while  more  readily  available,  are  not  suf- 
ficiently durable  to  command  attention. 

The  Galena  limestone  affords  an  important  quarry  horizon 
in  the  upper  beds  and  one  much  more  generally  available  than 
the  Lower  Buff  Beds.  Numerous  quarries  have  been  opened 
and  operated  in  the  vicinity  of  the  city  of  Dubuque,  near  Graf, 
on  the  Chicago  Great  Western,  and  along  the  Illinois  Central  at 
the  crossing  of  the  North  Cascade  road. 

The  rock  quarried  is  thin-bedded  above,  ranging  from  four  to 
ten  inches  and  separated  by  thin  shaly  partings,  becoming 
heavier  below,  the  beds  attaining  four  feet  or  more  in  thickness. 
The  rock  is  hard,  granular,  completely  dolomitized,  and  rough 
and  vesicular  on  exposed  surfaces.  It  does  not  make  a  good  ap- 
pearance  in  dressed  stone  work,  but  is  excellent  for  ashlar,  rough 
dimension  work  and  heavy  masonry.  In  bridge  work,  founda- 
tions and  lower  courses  in  large  buildings,  it  makes  an  excellent 
appearance. 

One  of  the  most  complete  and  representative  sections  in  the 
county  may  be  seen  at  the  Eagle  Point  lime  Works.  The  fol- 
lowing sequence  of  beds  may  be  studied : 
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15.  Loess-covered  slope  above  the  outcropping  ledges  of  Qalena 
limestone,  culminating  in  a  prehistoric  mound  at  the  sum- 
mit of  the  bluff  15 

14.  Dolomite  In  ledges,  varying  from  two  to  three  feet  in  thick- 
ness       10 

13.  Dolomite,  two  or  three  rather  heavy  ledges  containing  large 
numbers  of  the  problematic  fossil,  Receptaculites  oweni 
Hall.  Receptaculites  is  found  sparingly  In  other  mem- 
bers of  the  section.  At  this  horizon,  which  will  be  called 
the  Receptaculites  zone,  it  is  exceedingly  abundant   10 

12.  Dolomite,  heavy-bedded,  typical  Galena,  hard,  crystalline 
and  relatively  free  from  chert;  in  ledges  three  to  six  feet 
in  thickness   70 

11.    Dolomite,  bed  containing  pockets  of  calcite;  the  calcite  in 

some  cases  forming  large  crystals  3 

10.    Dolomite,  bed  containing  large  quantities  of  chert  4 

9.  Limestone,  ledges  showing  the  characteristics  of  the  typical 
Galena,  hard,  compact,  crystalline,  completely  dolomitized, 
with   small  amount  of  chert   19 

8.    Dolomite,  thick,  massive  beds  with  large  amount  of  chert. .     12 

7.    Dolomite,  thick  beds,  crystalline,  the  ordinary  type   6 

6.  Dolomite,  ledge  varying  in  texture,  containing  small  pockets 
of  calcite  and  some  chert;  a  single  specimen  of  Receptacu- 
lites found  in  this  ledge   4 

5.    Dolomite,  heavy  ledge  nearly  on  a  level  with  the  top  of  lime 

kiln    3 

4.  Dolomite  varying  in  aspect  according  to  degree  of  weather- 
ing; at  Eagle  Point  showing  bedding  planes  10  to  18  inches 
apart 16 

3^.  Dolomite;  massive,  crystalline;  bedding  planes  almost  com- 
pletely obliterated   20 

2.  Limestone,  incompletely  dolomltized  beds  with  shaly  part- 
ings  at  intervals  of  six,   eight,   or  ten  inches    10 

1.  Limestone,  basal  ledge  of  Galena,  beginning  on  top  of  Platte- 
ville  limestone  and  shale  bearing  Orthis  aubaequata  and 
associated  fauna;  this  lower  bed  is  earthy,  incompletely 
dolomltized,  and  weathers  below  into  a  dark  brown  or 
reddish  ferruginous  clay  2 

Numbers  12  to  14,  inclusive,  comprise  the  most  important 
quany  beds.  The  chert  beds  comprising  numbers  6  to  the  base 
of  12  are  suitable  for  crushed  stone  products  and  are  also  nsed 
for  lime.  They  are  not  considered  desirable  for  structural  pur- 
poses. 

From  the  Eagle  Point  Lime  Works  the  beds  dip  more  or  less 
uniformly  to  the  south  and  west. 

Most  of  the  quarries  near  Dubuque  operate  the  beds  above 
number  13  in  the  Eagle  Point  section.  About  the  middle  of 
this  division  occurs  the  *' cap-rock''  of  the  miners,  a  heavy,  firm 
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layer  about  two  and  one-half  feet  in  thickness  with  an  eight  or 
nine  inch  layer  below  it. 

Several  crusher  plants  have  been  installed  and  are  in  opera- 
tion in  Dnbuqne.  Among  these  the  Eagle  Point  Lime  Works  at 
the  north  edge  of  Dubuque  crushes  rock  from  the  flinty  beds  of 
the  Galena,  which  are  unsuitable  for  lime  making.  An  Austin 
gyratory  crusher  is  used  and  the  plant  has  a  capacity  of  400 
yards  of  crushed  rock  daily.  Three  sizes  of  rock  are  produced. 
The  cost  delivered  is  about  sixty  cents  per  yard.  A  description 
of  the  quarry  and  plant  is  given  on  pages  423-424,  601-603  of 
the  report  on  Dubuque  county.* 

Tibey  Brob.  operate  a  quarry  in  the  southern  part  of  Dubuque 
on  Dodge  street.  This  is  opened  in  the  Galena  limestone  and 
works  about  thirty-five  feet  of  the  thin  upper  beds  and  the 
heavier  beds  below  them.  A  Gates  No.  4  crusher  was  installed 
in  1908  and  crushes  the  upper  layers  as  well  as  waste  from  the 
quarry.  The  capacity  is  250  cubic  yards  per  day.  The  Byrne- 
Saul  quarry  across  Dodge  street  is  using  the  same  rock,  but  has 
no  crusher. 

The  O'Farrell  Contracting  Company  has  a  crusher  on  Clark 
street  near  West  Locust.  A  small  quarry  is  located  here  and  a 
larger  one  is  opened  on  Seventeenth  and  Cox  streets.  These  are 
in  the  same  horizon  as  the  Tibey  quarry  and  are  above  the 
Eagle  Point  beds.  The  rock  is  somewhat  softer  than  that  from 
Eagle  Point.  The  crusher  used  is  an  Aurora  No.  2.  The  crushed 
material  is  assorted  into  three  sizes.  The  fine  material  is  used 
for  walls,  steps,  etc.  It  brings  $1.80  per  yard.  The  coarser  sizes 
are  used  for  concrete  and  macadam.  The  surface  material  over- 
lying these  beds  contains  characteristic  pelecypods  from  the 
basal  layers  of  the  Maquoketa  shale.  • 

The  Maquoketa  shales  contain  certain  indurated  layers 
throughout,  and  impure,  earthy  dolomite  layers  above.  None, 
however,  are  of  sufficient  importance  to  be  worthy  of  special 
mention  for  structural  purposes,  and  have  not  been  quarried  in 
the  county. 

The  Niagaran  limestone  covers  the  western  portion  of  the 
county  and  has  been  quarried  at  several  points.    Two  well-de- 

•lowa  Geological  Survey,  Vol.  X. 
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fined  quarry  horizons  have  been  developed,  one  near  the  base 
of  the  series  between  the  fifteen  feet  of  basal  beds  and  the  chert 
beds,  and  the  other  at  the  top  of  the  Niagaran  series  as  they 
occur  in  Dubuque  county.  Each  horizon  comprises  about  twenty 
feet  of  good  quarry  stone,  the  lower  beds  being  typically  shown 
in  the  quarries  about  Farley,  while  the  most  important  quarries 
in  the  upper  beds  have  been  opened  near  Cascade.  The  basal 
beds  and  beds  between  the  lower  and  upper  quarry  beds,  while 
suitable  for  rubble  and  crushed  stone  purposes,  are  not  quarried 
extensively  at  any  plac^  in  the  county. 

Typical  sections  of  the  lower  beds  may  be  seen  in  the  quarry 
of  Peter  Milesi,  east  of  Farley,  and  in  the  Arquitt  quarry  north 
of  the  same  town.  The  Milesi  quarry,  located  in  the  southwest 
quarter  of  section  8,  Taylor  township,  on  the  Illinois  Central 
railway,  shows  the  following  beds  and  layers : 

INGHE8. 

8.  Coarse-grained  bridge  stone  21 

7.  Stone  of  medium  grade   28 

6.  Ledge  of  fine-grained  stone,  with  some  chert  24 

5.  -Stone  similar  to  numiber  6  14 

4.  Fine-grained  stone  of  good  quality  4 

3.  Stone  of  same  quality  as  number  4  17 

2.  Stone  similar  to  3  and   4    9 

1.  stone  like  2,  3  and  4 26 

The  quarry  of  B.  N.  Arquitt  and  Sons  is  located  at  North  Far- 
ley on  the  Chicago  Great  Western.  The  quarry  is  similar  to  the 
one  just  described.  The  company  had  produced  crushed  stone, 
now  the  principal  product,  for  more  than  a  decade.  The  upper 
heavy  beds  are  used  with  the  exception  of  the  uppermost  soft 
part.  The  lower  flint  beds  are  also  used  and  rock  from  these 
makes  excellent  grouting.^  The  upper  yellow  beds  are  softer  and 
more  porous.  The  beds  below  the  flint  beds  are  used  for  rubble 
and  the  lowermost  beds  for  range  work,  trimmings,  etc.  The 
flint  beds  are  about  fifteen  feet  thick,  the  yellow  beds  above  about 
the  same,  and  over  them  are  five  feet  of  soft  rock.  A  No.  2  West- 
em  jaw  crusher  is  used  and  cylindrical  and  flat  screens  size  the 
crushed  rock.    The  plant  has  a  capacity  of  150  yards  daily. 

The  intermediate  beds  have  been  quarried  in  this  vicinity  and 
also  near  Dyersville,  and  other  points  in  the  county. 
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EMMET  COUNTY. 


Sand  and  Qbatkl. 


Emmet  county  lies  wholly  within  the  area  covered  by  the 
Wisconsin  ice  in  Iowa.  The  deposits  of  sand  and  gravel  are  in 
the  drift  hills  of  the  upland  and  in  the  gravel  trains  along  the 
streams.  Occasionally  beds  referable  to  the  older  Kansan  drift 
are  exposed.  A  discussion  of  the  ori^n  of  these  deposits  by 
T.  H.  Macbride  is  quoted  in  the  report  on  Palo  Alto  comity,  and 
to  that  discnasion  the  reader  is  referred. 


Stream  Terraces. — The  west  fork  of  the  Des  Moines  river  is 
the  most  important  stream  in  Emmet  comity.  It  flows  through 
a  broad  flat  valley  flanked  on  both  sides  by  hills  of  Wisconsin 
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drift.  The  river  "bottom"  itself  is  a  huge  gravel  plain.  The 
city  of  Eetherville  is  built  on  this  gravel  terrace.  One  ascends 
.  to  the  typical  drift  as  he  passes  east  out  along  any  of  the  prin- 
cipal streets,  and  in  many  places  the  distinction  may  be  seen  by 
merely  standing  in  the  street  and  looking  east. 

In  and  about  Estherville  these  outwash  gravels  have  been  and 
are  being  used  for  all  purposes  where  sand  and  gravel  are 
needed.  The  Estherville  Cement  Products  Company  is  working 
a  terrace  gravel  some  thirty  feet  above  the  river.  Here  there 
are  about  ten  feet  on  the  average  of  good  gravel,  with  a  little 
dirty  material  in  the  upper  portion.  The  lower  two  feet  contain 
larger  pebbles  and  all  rest  on  the  usual  bed  of  large  bowlders 
and  blue,  pebbly  drift.  The  gravels  are  in  part  cemented  by 
lime  and  are  covered  by  some  three  feet  of  soil.  A  mile  norili  of 
the  city,  on  the  G-rifFith  farm,  is  a  small  sand  pit  some  fifty  feet 
above  the  river.  Only  fine  sand  is  in  sight  here.  There  is  a 
small  pit  on  the  dairy  farm  on  the  west  side  of  the  river. 


Tm.    28 — Oreltlnser 
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t  the  bridge  across  Des  Moines  river  in  section  28  of  Emmet 

"^^^Tiship,  gravel  is  piled  in  such  a  way  as  to  give  the  observer 

ir  idea  of  the  immense  erosion  changes  that  once  went  on  in 

t  we  now  term  the  valley  of  the  river.    Here  the  gravel  on 

er  side  of  the  river  is  discoverable  high  up  above  the  ordi- 

plain,  lodged  against  the  banks  of  drift  some  fifty  or  sixty 

above  the  river.    Between  lies  a  half  mile  or  more  of  gravel 

oi  perfectly  solid  and  flat,  the  bottom  of  the  ancient  glacial 


\    ^^      :rom  Estherville  south  to  the  county  line  the  gravel  plain 
^^g;wx  ^inues  uninterrupted,  varying  in  width  up  to  one  and  one- 
^^^^  miles.    What  is  said  of  this  enormous  gravel  plain  in  Palo 
^to  county  holds  with  equal  force  here.    The  deposit  has  been 
opened  in  many  places  as  a  source  of  local  supply. 

The  Eock  Island  Railway  Company  has  a  big  pit  in  sections 
-32  and  33,  High  Lake  township,  from  which  untold  quantities  of 
ballast  have  been  removed.  In  this  pit  there  are  about  twenty 
feet  of  gravel  exposed.  The  upper  portion  is  coarse,  but  shades 
off  gradually  into  finer  material  below.  It  is  iron-stained 
throughout  and  contains  a  large  proportion  of  limestone  and 
granite  pebbles.  Many  of  the  latter  are  badly  weathered  and 
may  readily  be  crumbled  with  the  hands. 

South  of  Estherville,  in  the  openings  made  by  the  Minneapolis 
and  Saint  Louis  Bailroad  Company  the  gravels  referred  to  the 
Kansan  by  Macbride  (see  Palo  Alto  county)  may  be  seen.    At 
the  extreme  south  end  of  this  artificial  exposure  storm-water 
erosion  has  supplemented  the  artificial  excavation  to  the  com- 
plete uncovering  of  the  old  blue  clay.    Here,  resting  directly 
upon  the  blue  clay,  is  a  more  or  less  indurated  brownish  gravel. 
This  is  very  similar  to  the  bottom  deposit  in  several  openings 
in  the  neighborhood,  and  may  readily  be  recognized  as  being 
.strikingly  different  from  the  upper  portion  of  the  beds.     To 
.again  quote  Macbride  in  reference  to  this  older  deposit,  ''It 
seems  as  if  it  may  be  looked  for  almost  anywhere  as  a  bottom 
-deposit  of  what  has  here  been  denominated  the  gravel  plain. ' ' 

Reworked  Materials. — ^While  gravel  and  sand  bars  are  not  at 
-all  uncommon  along  the  streams  of  Emmet  county,  they  by  no 
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means  form  an  important  source  of  supply.  Variations  between 
wide  limits  in  both  quality  and  quantity  of  the  material  in  these 
bars  render  the  terrace  and  kame  deposits  far  more  reliable, 
and  as  a  consequence,  the  former  take  a  minor  place.  They  do, 
however,  furnish  a  handy  and  easily  available  supply  for  small 
local  consumption. 

Morainal  Deposits.-^MsLuy  of  the  knobs  throughout  the  en- 
tire area  of  the  Wisconsin  drift  are  either  composed  entirely  of 
sand  and  gravel  or  have  gravel  as  pqckets  or  cappings  under  a 
veneer  of  soil.  Where  these  drift  hills  do  contain  gravel  they 
constitute' a  valuable  source  of  supply.  These  deposits  are  widely 
different  in  character,  some  of  them  furnishing  a  clean,  sharp 
product  which  is  most  excellent  for  concrete,  and  others  supply- 
ing only  a  dirty,  iron-stained  material  which  is  fit  for  nothing 
save  road  surfacing  or  ballast. 

PAYETTE  COUNTY. 
Sand  and  Gravel. 

■ 

Fayette  county  is  abundantly  supplied  with  gravels,  both  in 
its  major  stream  valleys  and  upon  the  uplands.  The  border  line 
between  the  areas  of  lowan  and  Kansan  drift  may  be  defined 
briefly  as  following  the  Chicago,  Milwaukee  &  St.  Paul  railroad 
from  the  east  county  line  to  Fayette,  thence  to  West  Union,  Eden 
and  St.  Lucas.  Northeast  of  this  line  the  surface  has  been  much 
eroded,  and  such  deposits  of  upland  gravels  as  may  have  been 
formed  have  probably  been  largely  carried  away.  The  larger 
valleys,  however,  carry  extensive  beds  and  terraces. 

Southwest  of  the  above  line  erosive  agencies  have  not  been  so 
effective,  the  land  lies  more  nearly  level  and  the  stream  valleys 
are  shallow.  Here  gravels  are  widely  distributed  and  nearly 
every  hilltop  has  its  capping.  Every  township  in  the  county  has 
a  more  or  less  abundant  supply,  so  generously  are  these  gravels 
scattered. 

Along  almost  the  entire  course  of  Turkey  river  in  Fayette 
county  there  are  terraces  of  gravel  and  sand,  well  defined  and  of 
considerable  extent.     Between  Elgin  and  Clermont,  these  ter- 
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races  are  aboat  thirty  feet  high  and  consist  so  far  as  observed 
of  rather  tine,  fresh  sand  and  gravel.  In  some  places  a  lower 
terrace,  about  ten  feet  above  the  flood  plain,  is  developed. 

The  banks  of  the  creek  which  crosses  the  north  part  of  the 
town  of  Clermont  contain  large  quantities  of  gravel,  and  the  flood 
plain  is  also  underlain  by  similar  material.  These  gravels  con- 
sist largely  of  rounded  limestone  fragments,  with  some  foreign 
material  and  moderate  amounts  of  sand.  Extensive  use  has 
been  made  of  the  gravels  for  macadamizing  the  streets  of  the 
town  and  with  results  which  are  apparently  very  satisfactory. 
They  pack  well  and  form  an  excellent  roadbed. 

In  the  river  banks  just  across  the  bridge  at  the  south  edge  of 
town,  Mr.  Stahl  has  a  sand  pit  which  yields  sand  of  good  quality 
for  finishing  concrete  work  as  well  as  for  wall  plaster,  although 
it  is  a  little  coarse  for  the  latter  purpose.  Another  pit  near  by 
yields  excellent  gravel  for  concrete  work.    Some  of  the  layers 


Fra,  is — Buchanan  Krav«Is  and  Kansan  loeaa,  section  23,  Dover  township,  Fayetta 
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have  limestones  and  foreign  pebbles  intermingled,  although  the 
lower  layers  contain  larger  proportions  of  finer  materials  and 
less  limestone. 

In  addition  to  supplying  local  demands,  these  sands  and 
gravels  are  shipped  quite  extensively  to  nearby  towns  which  are 
not  so  well  supplied.  The  Miller  pits  along  the  Book  Island 
tracks  about  a  mile  below  town  also  ship  large  amonnts.  The 
gravels  from  these  pits  are  used  in  large  quantities  for  concrete 
although  they  are  said  to  contain  a  little  more  clay  than  those  in 
the  town. 

There  are  well  marked  terraces  from  Clermont  up  the  river 
to  Eldorado.  For  the  most  part  these  are  built  up  of  fresh  sands 
with  some  foreign  pebbles,  chert  and  limestone,  the  latter  pre- 
dominating locally.  Some  of  these  sands  have  been  used  on  the 
roads  and  furnish  some  improvement  on  the  sandy  roadbeds  at 
least.    In  sections  23  and  24  of  Dover  township  is  a  broad  valley 


Frn.  30 — a. 
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with  a  gentle  slope  toward  the  river.  This  seems  to  be  filled 
with  sand  and  gravel,  probably  a  back  water  filling. 

In  the  northeast  quarter  of  section  23  a  small  areek  has  under- 
mined its  bank,  exposing  a  clean  face  eighteen  to  twenty  feet 
high.  This  consists  largely  of  fine  yellow  sand,  well  bedded.  It 
is  overlain  by  an  old,  gray,  weathered  and  jointed  loess,  upon 
which  rests  a  foot  of  black  sandy  soil.  This  is  sutmounted  in 
turn  by  a  dark  gray  sandy  silt,  probably  modem  aUnvinm.  Above 
it  comes  the  humus.  The  bank  has  been  dissected  at  right  angles 
by  a  small  gully,  which  is  cut  entirely  in  the  fine  sand  and  shows 
a  great  body  of  it.  From  its  relations  it  would  appear  to  belong 
to  the  valley  phase  of  the  Buchanan  gravels. 

About  two  and  one-half  miles  east  of  Eldorado,  at  the  site 
of  the  old  Huntsinger  bridge,  the  terrace  is  about  twenty  feet 


Fio.   31 — Grave)   l 


high,  and  extends  for  one-half  mile  along  the  river.  The  lower 
half  consists  of  very  ferruginous  and  decayed  materials  of 
Buchanan  age,  while  the  upper  part  is  made  up  of  fresh  sands 
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and  gravels  related  to  the  lowan.  Limestone  pebbles  are  very 
abundant  in  the  upper  part  and  foreign  pebbles  and  cobblestones 
are  numerous. 

The  village  of  Eldorado  is  built  upon  a  wide  flat  of  300  acres 
extent,  which  is  underlain  by  rather  coarse,  fresh-appearing 
gravels.  These  rest  upon  a  rock  platform  twelve  to  fifteen  feet 
above  the  river  and  are  found  to  an  elevation  of  thirty-five  feet. 
Above  the  town  the  terraces  continue  until  the  river  narrows  on 
the  southwest  comer  of  section  12,  Auburn  township. 

The  Little  Turkey,  a  tributary  of  Turkey  river,  draining  the 
northwestern  part  of  the  county,  is  bordered  by  deposits  of 
gravel  from  the  vicinity  of  Waucoma  at  intervals  to  West  Au- 
burn. A  short  distance  above  Waucoma  the  stream  valley 
merges  into  the  lowan  plain  and  such  gravel  beds  as  may  be 
present  are  obscured  by  later  deposits. 

The  road  leading  into  the  village  from  the  south  through  the 
eastern  part  of  section  16,  follows  the  edge  of  the  terrace,  which 
is  here  fifteen  to  twenty  feet  high.    It  presents  a  steep  river 
front,  but  grades  into  the  drift  plain  to  the  west.    The  upper 
foot  or  two  of  this  terrace  consists  of  coarse  gravel.    These  are 
underlain  by  finer,  yellow  sands,  with  which  are  intercalated 
darker^  harder  bands.    Exposures  show  considerable  quantities 
of  these  materials  in  the  town  as  well  as  for  one-Tialf  mile  or  so 
north.    On  the  east  bank  of  the  river  at  the  north  edge  of  town 
a  gravel  pit  shows  rather  fresh  gravels  two  feet  thick  below  a 
foot  or  two  of  soil.    These  gravels  contain  considerable  coarse 
material,  chiefly  of  foreign  origin.  This  bed  ends  rather  abruptly 
and  rests  on  weathered  indurated  yellow  gravels,  which  are  quite 
coarse  above,  but  grade  quickly  down  into  fine  sand.     These 
gravels  have  been  used  extensively  in  the  vicinity  for  concrete 
and  road  purposes  and  are  quite  satisfactory.    They  pack  well 
and  make  good  road  material.  For  several  miles  below  Waucoma 
the  deposits  seem  to  be  continuous,  and  have  been  used  some- 
what for  improving  the  roads.    Some  of  them  are  fresh  lowan 
sands,  while  others  are  rusty,  weathered  Kansan  gravels.     The 
lower  course  of  Crane  creek  also  shows  some  banks  and  terraces 
of  similar  material. 
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Fw.   32— Gravel    pit 


The  valiey  of  Otter  creek  carries  no  terraces  or  other  extensive 
gravel  deposits  between  West  Union  and  Elgin,  but  the  courses 
of  Volga  river  and  of  tlie  short  creek  which  enters  it  from  the 
-north  just  below  Albany  are  bordered  by  abundant  supplies. 
Those  in  the  creek  valley  are  in  the  form  of  terraces  and  banks, 
and  are  fine,  light  yellow  and  unweathered.  Comparatively  lit- 
tle coarse  foreign  material  is  present,  although  the  gravels  carry 
some  chert  and  limestone.  They  present  a  marked  contrast  to 
the  typical  Buchanan  gravels  in  freshness,  in  fineness  of  grain 
and  in  their  lack  of  coarse  material.  The  village  of  Albany  is 
built  on  a  wide  flat  terrace  of  such  gravels  wliich  occupies  the 
old  valley  of  the  Volga.  These  fine  materials  are  doubtless  de- 
rived from  the  detritus  brought  down  by  the  lowan  glacier,  as 
the  eastern  margin  of  tlie  lowan  drift  lies  only  two  or  three  miles 
west  of  the  creek  and  the  tributaries  of  the  latter  head  within, 
or  at  the  edge  of,  the  lowan  plain. 
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A  short  distance  west  of  Fayette  the  Volga  leaves  the  shal- 
low, ill-defined  valley  in  which  it  has  crossed  the  lowan  drift 
plain,  and  enters  the  deep,  winding  gorge  which  it  has  cut  in  the 
region  of  mature  Kansan  topography.  The  upper  valley  con- 
tains some  heds  of  gravel,  but  they  iare  not  well  defined.  Several 
exposures  occur  near  the  line  of  the  Chicago,  Bock  Island  and 
Pacific  Bailroad  between  Maynard  and  Randalia,  in  the  main 
valley  or  in  tributaries.  There  are  terraces  and  flats  in  sec- 
tions 30,  31  and  32,  Westfield  township,  and  a  flat  of  wide  extent 
underlies  the  town  of  Fayette,  but  where  exposures  occur  some 
alluvium  is  mingled  with  the  gravel  and  sand.  Farther  back 
from  the  river  the  gravels  may  be  purer. 

Between  Lima  and  Wadena  in  the  wider  parts  of  the  valley  are 
high  terraces  extending  forty  or  fifty  feet  above  the  river.  At 
Wadena  these  terraces  are  quite  wide,  but  are  only  about  twenty 
feet  high.  They  are  built  for  the  most  part  of  rather  fine,  light 
yellow  sand  and  gravel.  The  valley  of  a  small  creek  entering 
the  main  valley  just  east  of  Wadena  is  filled  with  these  sands. 
They  form  banks  and  terraces  east  to  the  county  line  and  far 
beyond. 

From  Wadena  to  Volga  in  Clayton  county  the  valley  is  broad 
and  comparatively  leveL  There  are  large  quantities  of  fine, 
fresh,  light  colored  sands  which  extend  up  the  slopes  to  the  pro- 
jecting cliffs  of  Niagaran  limestone.  In  section  36,  Illyria  town- 
ship, is  a  high  hill  of  drcumdenudation.  On  the  south  side  of 
this  hill  the  fine  sands  mentioned  above  extend  to  within  forty 
feet  of  the  top.  In  this  case,  then,  the  sands  rise  160  feet  above 
the  river  and  in  several  cases  they  are  100  feet  or  more  above 
the  water.  In  some  localities  there  are  isolated  hillocks  of  the 
sands.  It  seems  unlikely  that  these  sands  owe  their  present  alti- 
tudes to  river  action  alone,  but  they  have  probably  been  blown 
up  by  winds. 

In  the  southwest  part  of  the  county  is  another  Otter  creek, 
whose  headwaters  are  gathered  in  Harlan  and  Fremont  tovm- 
ships.  A  mile  or  so  above  Oelwein  terraces  begin  to  be  devel- 
oped and  continue  down  the  valley  until  it  unites  with  that  of 
Wapsipinicon  river.    West  of  Oelwein  a  wide  flat  extends  from 
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'town  to  the  creek,  a  mile  and  a  half.  These  fiats  and  ter- 
as  consist  of  fine  yellow  sands  overlain  by  coarser  gravels. 
IL  "^^lie  pit  of  Ira  Hanson  on  the  south  side  of  the  road,  opposite 
>j^  oemetery,  about  the  center  of  section  20,  Jefferson  township, 
'V  serve  as  an  excellent  type  of  these  deposits.  This  is  fully 
\\^  *Ve  feet  deep  and  its  face  presents  a  succession  of  layers  of 
,  ^t\,  fine,  yellow  sands,  with  some  coarser  materials  inter- 
«^4ded. 

The  valleys  of  the  east  and  west  branches  of  Buffalo  creek 
and  of  Maquoketa  river,  so  far  as  they  are  developed  in  Fayette 
connty,  all  bear  quantities  of  gravel.  Some  of  this  is  quite 
coarse,  is  red  and  is  usually  underlain  by  finer  gravels. 


Fia.   SS — Buchanan  Krav«la,  West  Union.  Payette  countr- 
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The  upland  phase  of  the  Buchanan  gravels  is  represented  all 
over  that  part  of  the  county  covered  by  the  lowan  drift.  It 
would  be  impracticable  to  describe  all  the  localities  where  these 
gravels  have  been  observed  but  a  few  typical  exposures  may  be 
mentioned.  A  large  number  are  noted  on  the  geological  map 
which  accompanies  the  report  on  Fayette  county  by  Mr.  Sav- 
age.* On  the  southeastern  border  of  West  Union,  capping  the 
hills  in  the  southwest  quarter  of  section  16,  Union  township, 
is  an  extensive  bed  of  gravels  whose  characteristics  ally  them 
very  definitely  with  the  Buchanan  gravels.  A  pit  opened  in  the 
hillside  by  Mr.  Bowers  exposes  under  two  to  five  feet  of  loess 
about  eight  feet  of  cross-bedded,  yellow  to  dark  red  sands  and 
fine  gravels.  Below  these  are  two  or  three  feet  of  very  coarse 
gravel  which  contains  many  cobblestones  and  bowlderets  up  to 
six,  eight  or  ten  inches  in  diameter.  Some  of  these  are  so  badly 
decayed  that  they  may  be  broken  up  with  the  fingers.  The 
coarse  layer  seems  to  be  rather  inconstant  and  is  apparently 
underlain  by  finer  sand.  Similar  deposits  are  found  on  several 
hills  south  and  west  of  West  Union  and  near  the  m^^rgin  of 
the  lowan  drift.  These  have  only  a  thin  covering  of  black 
soil  or  loesslike  clay.  As  examples  may  be  mentioned  those  on 
the  south  line  of  section  33,  Union  township,  on  the  north  line 
of  section  32,  same  township,  on  a  hill  in  sections  7  and  18, 
Windsor  township,  and  those  on  a  hill  in  sections  27  and  28, 
Eden  township.    This  last  exposure  is  ten  or  fifteen  feet  deep. 

Stone. 

The  Maquoketa  stage  occupies  a  considerable  area  in  the 
northeast  corner,  practically  the  entire  area  north  of  Turkey 
river,  and  appears  along  the  principal  streams  in  the  northeast 
third  of  the  county,  notably  along  Volga,  Turkey,  and  Little 
Turkey  rivers,  and  Otter  and  Bear  creeks.  Some  quarrying 
has  been  done  in  the  vicinity  of  Clermont,  the  Lower  Maquoketa 
beds  being  developed.  In  a  few  places  the  less  cherty  layers 
of  the  Middle  Maquoketa  division  yield  a  material  suitable  for 
rough  masonry.  The  chert  beds  of  the  Middle  Maquoketa  as 
developed  at  Clermont  are  dolomitic  and  cherty  and  afford  an 

•Iowa  Geol.  Surv.,  Vol.  XV,  pp.  433-546. 
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abundance  of  material  suitable  for  road  work,  railway  ballast 
and  concrete.  The  beds  of  the  Upper  Maquoketa  are  predomi- 
nantly argillaceous  and  are,  therefore,  of  little  importance  as 
a  source  of  material  suitable  for  road  and  concrete  purposes. 

The  Hopkinton  stage  of  the  Niagaran  occupies  a  very  irreg- 
ular area  over  the  north,  east  and  south  portions  of  the  county. 
The  larger  strearas  of  the  area  have  cut  entirely  through  the 
heavy  beds  of  limestone  and  expose  the  Maquoketa  shales,  the 
nndercutting  of  the  softer  beds  tending  to  produce  and  maintain 
escarpments  facing  the  streams.  Numerous  outcrops  appear 
upon  the  entire  area  and  quarrying  on  a  small  scale  has  been 
done  at  a  number  of  points.  The  most  important  quarry  in  the 
county  is  located  on  the  northeast  quarter  of  section  24,  Cler- 
mont township,  and  is  owned  and  operated  by  Wilkes  Williams. 
The  beds  exposed  are  as  follows : 
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WILLIAMS  QUARRY  SECTION. 

8.    Clay,  reddish,  largely  residual,  but  containing  occasional 

pebbles  and  small  bowlders  of  greenstone  and  granite. .      3 

7.  Dolomite,  much  decayed,  yellow,  containing  very  abundant 
nodules  of  chert;  long  exposed  surfaces  present  numerous 
cavities  from  which  chert  masses  have  weathered;  lami- 
nation planes  Irregular  and  imperfectly  developed,  indi- 
cated by  bands  of  chert 14 

6.  Dolomite,  coarse-grained,  yellow,  containing  a  large  amount 
of  chert  in  the  upper  part 2 

5.    Dolomite,  heavy  ledge,  yellow  in  color  and  rather  coarsely 

granular  in  texture,  without  chert 3^ 

4.  Dolomite,  coarse-grained,  yellow  in  color,  containing  no 
chert   1 

3.    Dolomite,  regular  layer,  rather  fine-grained,  without  chert      1V« 

2.  Dolomite,  yellow,  resembling  No.  1  in  texture,  two  and 
one-half  feet  in  thickness  at  the  south  end  of  the  quarry. 
Increasing  to  four  feet  in  thickness  at  the  north  4 

1.  Dolomite,  heavy  ledge,  homogeneous,  fine-grained  with  no 
tendency  to  split  along  planes  of  lamination,  and  contain- 
ing no  fossils  or  chert  nodules;  increasing  in  thickness 
toward  the  north   4 

The  quarry  is  located  near  the  Clayton-Fayette  county  line, 
and  the  beds  which  are  being  developed  belong  to  an  outlier  of 
Niagaran  separated  from  the  main  body.  Several  other  outliers 
similar  in  character  appear  in  the  immediate  neighborhood. 
About  twelve  to  fourteen  feet  of  stone  are  utilized  for  various 
structural  purposes  and  give  excellent  satisfaction.  Lack  of 
transportation  facilities  greatly  limits  the  capacity  of  the  quar- 
ries, as  the  stone  must  be  hauled  to  Clermont  or  Postville  for 
shipment.  Over  the  northern  portion  of  the  county  the  Hopkin- 
ton  beds  are  remarkably  pure.  Near  Auburn  the  beds  are  pre- 
vailingly a  gray  limestone,  in  layers  two  to  six  feet  in  thickness, 
somewhat  vesicular  and  lamination  planes  not  evident.  The 
stone  is  very  hard  and  brittle,  breaking  with  a  conchoidal  to 
uneven  fracture  and  in  one  direction  about  as  readily  as  in  an- 
other. 

Auburn  Mills  is  an  inland  town  and  while  both  shale  and  lime- 
stone are  exposed  in  unlimited  quantities  they  are  not  available 
commercially  at  the  present  time. 

Over  the  southern  portion  of  the  county  the  Niagaran  lime- 
stone is  a  rather  coarse-grained,  yellowish  brown  dolomite,  and 
belongs  much  higher  in  the  series  than  the  beds  exposed  in  the 
Williams  quarry.    In  places  it  becomes  arenaceous  and  usually 
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carries  large  numbers  of  chert  nodules.  In  the  vicinity  of  West 
Union  the  material  is  often  fine-grained,  very  hard,  light  gray 
limestone,  containing  a  large  amount  of  chert  concretions.  Near 
the  northeast  corner  of  section  22  in  Union  township,  the  follow- 
ing succession  of  beds  is  exposed: 

WILLIAMS  AND  DAVIS  QUARRY  SECTION. 

FEET. 

8.    Limestone,  impure,  yellowish  gray  In  color,  and  fine-grained; 

no   chert    1% 

7.  Limestone,  gray  colored,  very  hard,  in  places  showing  a 
•tendency  to  separate  into  layers  eight,  three,  two,  four  and 
eight  Inches  in  thickness  respectively;  without  fossils,  and 
containing  no  chert 2 

6.  Limestone,  much  shattered,  gray,  containing  a  very  large 
amount  of  chert  in  the  form  of  nodules  and  Irregular 
masses    IMt 

5.    Limestone,  dense,  fine-grained,  gray  in  color,  without  fossils, 

almost  free  from  chert  in  the  middle  portion 1 

4.  Limestone,  gray,  consisting  of  layers  two  to  four  Inches  in 
thickness,  which  are  separated  from  one  another  hy  bands 
of  chert   4 

3.  Limestone,  fine-grained,  gray,  in  two  layers  one  and  one- 
third  feet  and  one  foot  in  thickness;  containing  much  chert 
and  separated  by  a  chert  seam 2^ 

2.    Limestone,  massive,  containing  a  very  large  amount  of  chert 

in  the  form  of  bands  and  Imbedded  nodules  43^4 

1.  Limestone,  gray,  cherty,  in. layers  three  to  six  inches  in 
thickness   

Number  1  in  the  above  section  is  believed  to  be  the  equivalent 
of  the  upper  portion  of  number  7  in  the  Williams  quarry.  The 
beds  here  are  not  dolomitized  save  for  a  few  feet"  near  the  top. 

Small  quarries  have  been  opened  at  other  points  in  Fairfield 
and  Auburn  townships  to  supply  the  local  demand.  Good  nat- 
ural outcrops  are  available  at  many  other  places. 

Indurated  rocks  of  the  Devonian  immediately  underlie  the 
drift  over  the  middle  and  western  portions  of  the  county,  con- 
stituting one-half  of  its  superficial  area.  Outcrops  are  limited 
to  the  immediate  vicinity  of  the  streams  on  account  of  the 
grreat  thickness  of  the  drift,  especially  over  the  west  portion  of 
the  county. 

Quarries  have  been  opened  at  a  number  of  points,  notably  in 
the  town  of  Fayette,  in  the  northwestern  corner  of  Windsor 
township,  near  the  towns  of  Alpha  and  Waucoma  in  Eden  town- 
fcbip  and  near  Fairbank  and  Maynard  in  Oran  and  Harlan  town- 
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ships  respectively.    The  quarries  are  of  small  capacity  and  sup- 
ply only  the  local  demand. 

The  Westfield  bridge  section,  which  is  located  on  the  north- 
east quarter  of  section  29  in  Westfield  township,  is  one  of  the 
most  extensive  Devonian  sections  in  the  county  and  shows  the 

Devonian  contact  with  the  Niagaran.     The  sequence  of  beds 
is  as  follows : 

FES«T. 

9.    Lim«stone,  much  weathered.  In  thin  fragments,  fossiUferous      1 

8.    Limestone,  yellow,  impure,  fine-grained;  in  layers  two  to  six 

or  eight  Inches  in  thickness    5i^ 

7.    Limestone,  yellow,  impure,  in  three  heavy  beds  7  | 

6.    Limestone,  yellowish  gray,  rather  massive,  less  magnesian  I 

than  number  7  a/bove  and  somewhat  broken    8 

5.  Limestone,  argillaceous,  light  colored,  consisting  of  breo- 
elated  material  in  which  small  limestone  fragments  are  im- 
bedded in  a  clayey  shale  matrix 7 

4.  Limestone,  brecciated;  composed  of  dense,  fine-grained  drab 
colored  fragments  of  limestone,  surrounded  with  lighter 
colored  cementing  material 10 

3.    Limestone,  yellowish  gray,  very  fine-grained;  weathers  into  i 

thin  fragments 11  i 

2.    Limestone,   yellow,   magnesian,   in   two   ledges,   the   upper  j 

dense,  rather  fine-grained,  one  foot  thick,  and  the  lower 
softer,  vesicular,  two  feet  in  thickness    3 

1.  Limestone,  yellowish,  magnesian,  heavily  bedded,  cavern- 
ous, cherty  and  fossiUferous   22 

In  the  above  section  numbers  1  and  2  belong  to  the  Niagaran. 
The  balance  of  the  section  belongs  to  the  Devonian.  The  upper 
beds  only  are  quarried  in  and  about  Fayette  and  their  equiv- 
alents are  quarried  near  Fairbank  and  Maynard,  but  at  the 
latter  localities  the  beds  have  become  much  less  magnesian  and 
as  a  consequence  do  not  afford  as  durable  structural  material 
as  the  same  layers  at  Fayette. 

In  the  northwest  quarter  of  section  6,  Windsor  township,  the 
following  beds  are  available: 


6.    Limestone,  residual   1 

5.    Limestone,  magnesian,  yellow,  in  layers  two  to  six  inches  in 

thickness.     The  layers  are  much  shattered    6 

4.    Limestone,  yellow,  fine-grained,  earthy,  in  layers  six  Inches 

to  two  feet  in  thickness;   somewhat  nodular   3^ 

3.    Limestone,  yellow,  impure,  resembling  number  4;  in  layers 

eight  to  thirty  inches  in  thickness,  somewhat  fossiliferous      6 

2.    Limestone,  yellowish  gray,  in  rather  indistinct  layers  which 

are   checked   by   numerous   Joints,   fossiliferous    8 

1.  Shale,  light  colored,  containing  occasional  fragments  of 
limestone.  Shale  fragments  become  more  abundant  in 
lower  parts;  talus  covered  to  bed  of  stream 7 
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Siucular  sections  appear  at  other  points  in  the  neighborhood. 
JBeds  higher  in  the  series  than  those  in  Windsor  township 

are    quarried  in  the  town  of  Fairbank  in  the  southwest  comer 
of  tht&  county.    The  quarry  section  is  as  follows: 


. 


5.    Soil,  drift  and  residual  materials  5 

4.    Limestone,  yellow,  much  decayed.  In  thin  layers,  fossllif- 

erous 2% 

3.    Limestone,  hard,  gray,  in  thin  layers,  fossiliferous   2 

2.  Limestone,  yellowish  gray  In  rather  even  layers  with  oc- 
casional bands  of  shaly  material;  showing  numerous  spots 
of  concentrically  arranged  lines  of  iron  stains;  fossiliferous      6 

1.  Limestone,  gray,  massive,  containing  numerous  geodes  of 
calclte  and  bearing  but  few  fossils 3 

Otli^r  quarries  have  been  opened  in  the  neighborhood  but 
jeveloped  nothing  new.  The  quarries  in  the  vicinity  of  May- 
ji^rd  a.  re  less  extensive  than  those  at  Fairbank  and  show  no  new 

^onae  of  the  more  important  quarries  of  the  county  are  briefly 
^^^eribed  in  the  following  paragraphs. 

-^  abandoned  clay  pit  of  the  Clermont  Brick  and  Tile  Com- 
^^3iy,  at  the  north  edge  of  Clermont,  shows  the  indurated  beds 
oi  the  Middle  Maquoketa  of  Savage,  the  Fort  Atkinson  dolomite 
of  Calvin.    Above  the  Clermont  shales  of  the  Lower  Maquoketa 
are  shown  three  layers  of  soft,  yellow  dolomite,  the  lower  one 
two  feet  thick  but  considerably  broken  up,  the  middle  layer 
solid,  two  feet  thick,  and  the  upper  layer,  solid,  eighteen  inches 
thick.    The  two  upper  layers  are  coarsely  vesicular.    Above 
these  is  a  heavy  cherty  ledge  of  yellow  vesicular  rock  four  feet 
thick,  and  surmounting  this  is  an  eight  inch  ledge.    The  upper- 
most member  is  a  four-foot  series  of  thinly  bedded,  broken^ 
cherty  dolomite.    All  the  beds  are  too  soft  for  ideal  macadam 
but  the  rock  might  be  suitable  for  some  purposes. 

About  one  and  one-half  miles  west  of  Elgin,  in  the  southeast 
quarter  of  section  16,  Pleasant  Valley  township,  is  the  Loetcher 
quarry,  located  by  the  roadside.  This  is  opened  in  the  Niagaran 
beds  not  far  from  their  base.  Below  two  or  three  feet  of  strip- 
ping are  six  feet  of  heavy  bedded,  vesicular,  light  gray  dolomite 
'with  sandy  texture.  These  overlie  five  heavy  ledges  of  buff, 
rather  finely  crystalline  dolomite  which  are  respectively  two 
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feet  and  eight  inches,  two  feet,  one  foot,  two  feet,  and  eighteen 
inches  in  thickness,  counting  from  the  bottom.  The  two  upper 
ledges  have  lines  of  small  cavities  one  to  two  inches  in  diameter. 
The  quarry  is  well  situated  for  removing  rock  and  a  consider- 
able amount  has  been  taken  out  and  crushed  by  the  county 
for  use  on  the  Elgin- West  Union  road  over  the  hills.  The 
road  is  surfaced  with  the  residuum. 

The  Peter  Banning .  quarry  in  the  northern  part  of  section 
28,  Westfield  township,  across  the  river  from  Fayette,  shows 
the  various  beds  of  the  Wapsipinicon  stage  of  the  Devonian 
as  developed  in  this  county.  It  is  situated  well  up  in  the  bluff 
and  is  easy  of  access  or  for  installing  machinery.  The  quarry 
shows  the  following  succession: 

FEET. 

Broken  and   weathered   slabs,   grading   upward   into   residual 
material    • 6 

Thin  beds,  two  inches  to  a  foot,  gray,  fine-grained    6 

Heavy  ledge,  gray,  fine-grained,  similar  to  lower  layers,  but  not 

so  bluish   3 

Two  heavy  ledges,  similar  to  those  below,  split  into  thin  flag- 
stones           4 

Heavy  ledge  of  blue-gray,  fine-grained  stone,  conchoidal  fracture, 

split  into  several  thinner  layers    IVs 

The  whole  quarry  face  up  to  the  spalls  is  of  similar  appear- 
ance except  that  the  upper  ledges  are  grayer  and  show  zones 
of  iron  stain.  The  rock  is  a  pure  limestone.  All  the  ledges 
break  up  into  thinner  bands. 

Below  the  quarry  is  an  exposure  of  sixty-five  feet  to  the  flood 
plain.  The  basal  portion  of  this  is  made  up  of  the  Niagaran 
dolomites  while  the  remainder  belongs  to  the  Devonian.  The 
section  is  about  as  follows :  At  the  base  are  exposed  eight  feet 
of  heavy,  cherty,  vesicular  beds  belonging  to  the  Niagaran. 
Then  come  three  feet  of  thinly  bedded,  gray,  fine-grained  rock, 
succeeded  by  a  heavy  vesicular  ledge  three  feet  thick.  Three 
feet  of  thin  layers  are  then  overlain  by  six  feet  of  broken  ar- 
gillaceous beds  grading  above  into  a  foot  of  soft  sandy  lime- 
stone in  the  upper  part  of  which  are  fragments  of  a  fine  brown- 
ish limestone.  Above  this  sandy  limestone  is  a  one-foot  ledge 
of  buff,  fine-grained  rock,  broken  into  angular  blocks  by  vertical 
fractures  and  succeeding  this  comes  a  foot  of  gray,  fine-grained, 
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finely  laminated  limestone.  There  follow  in  order  eight  feet 
of  gray,  fine-grained  rock  in  very  thin  layers;  sixteen  inches 
of  rock  similar  in  appearance,  somewhat  finely  brecciated,  oon- 
ehoidal  fractures,  in  two  ledges,  the  lower  one  six  inches,  the 
upper  ten  in  thickness ;  two  feet  of  thin  layers  with  wavy  lam- 
ination, a  single  heavy  ledge  a  foot  in  thickness  and  a  six-foot 
brecciated  bed.  Between  this  bed  and  the  base  of  the  quarrj' 
are  fifteen  feet  of  much  broken  ledges,  some  scarcely  showing 
bedding,  the  upper  ledges  thinly  bedded. 

Mr.  Kidder  has  opened  a  small  quarry  west  of  town  on  the 
West  Union  road.  The  beds  exposed  here  are  at  the  same  level 
as  the  upper  beds  of  the  Banning  quarry. 

In  the  vicinity  of  Waucoma  some  small  quarries  have  been 
opened  in  the  Devonian.  Two  of  these  are  located  in  the  north- 
west quarter  of  section  9,  Eden  township.  One  is  a  few  rods 
west  of  the  railroad  and  on. the  south  bank  of  a  small  dry  run 
which  is  crossed  by  the  track.  The  other  is  opened  in  the  field 
back  of  a  farm  house  just  beyond  the  run.  Both  show  the  same 
beds  except  that  the  one  on  the  valley  side  is  a  little  deeper. 
The  beds  are  very  much  broken  up  and  do  not  show  bedding. 
The  upper  beds  are  gray  with  iron-stained  streaks,  are  fine- 
grained and  rather  finely  vesicular  and  break  with  a  rough 
fracture.  The  lower  beds  are  apparently  very  massive  but 
are  somewhat  broken  up,  less  so,  however,  than  the  upper 
beds.  The  stone  is  gray-buff,  fine-grained,  and  more  vesicular 
than  the  upper  beds.  The  material  is  probably  too  soft  for 
macadam  though  making  good  building  stone.  The  smaller 
quarry  exposes  about  six  feet;  the  larger  one  about  nine  feet 
of  rock. 

In  the  middle  of  the  west  half  of  section  6  of  Windsor  town- 
ship is  a  quarry  in  the  bluff  face.  It  shows  eight  feet  of  thinly 
bedded  Devonian  strata  similar  to  that  shown  at  Waucoma, 
fine-grained,  gray,  some  layers  iron-stained.  The  quarry  is 
above  the  heavy  broken  beds  and  is  thirty  feet  above  the  stream. 
If  the  quality  of  the  rock  is  high  enough  to  justify  the  effort 
the  rock  could  be  easily  taken  out  and  crushed.    The  overburden 

is  quite  light. 
is 
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Across  the  road,  in  the  southeast  quarter  of  section  1,  Bethel 
township,  is  a  small  quarry  in  about  the  same  layers  as  that 
just  described.  In  the  southwest  quarter  of  section  6,  Windsor, 
along  the  east-west  road  is  another  small  quarry  opened  in 
the  hillside  at  the  same  level  as  the  others.  Higher  up  in  the 
hills  the  thin  flaky  beds  of  the  Wapsipinicon  crop  out. 

Several  quarries  have  been  operated  near  West  Union,  and 
these  use  the  lower  beds  of  the  Devonian.  The  dty  quarry  on 
the  western  edge  of  town  shows  at  the  base  two  heavy  ledges, 
the  lower,  fourteen  inches,  the  upper  twenty.  The  stone  is  light 
gray,  with  rough  fracture,  locally  broken  up,  elsewhere  showing 
fine  lamina?.  Above  these  comes  a  six-inch  ledge  of  fine-grained 
stone  with  conchoidal  fracture,  and  then  follow  five  or  six  feet 
of  badly  broken  material  brecciated  in  different  parts  of  the 
quarry,  broken  or  massive,  but  quite  definitely  laminated. 

The  stone  is  rather  soft  for  road  work.  A  Foster's  patent 
jaw  crusher  has  been  used  in  the  quarry. 

In  the  southeast  quarter  of  section  22,  Union  township,  is 
the  Grimes  quarry  showing: 


Soil  and  rock  waste 1-2 

Broken  rock 2-4 

Thinly  bedded,  fine-grained  gray  rock  with   thin  shaly  beds 
intercalated    2 

Heavy  ledges  of  gray  stone 

Blue,  fine-grained  rock,  thinly  bedded,  In  three  layers,  quite 
hard;  exposed  1 

By  barometer  the  quarry  is  about  ten  feet  above  the  West 
Union  City  quarry. 

FLOYD  COUNTY. 
Sand  and  Qbavel. 

Immense  quantities  of  gravel  and  sand  are  available  in  Floyd 
county,  the  deposits  which  are  important  at  the  present  time 
being  located  along  the  principal  streams.  Cedar  and  Shell 
Rock  rivers  are  particularly  noteworthy  in  this  respect,  and 
large  quantities  have  been  removed  from  their  terraces. 

There  are  two  well-defined  terraces  along  Cedar  river;  the 
lower,  composed  of  limiestone,  rising  some  fifteen  to  twenty 
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feet  above  the  water  in  the  river,  and  the  upper  gravel  being 
about  the  same  amount  higher.  Both  terraces  are  covered  with 
a  thin  veneer  of  mixed  alluvial  and  glacial  materials.  Near 
the  top  of  the  upper  terrace  bowlders  ranging  up  to  three  feet  in 
diameter  are  not  uncommon.  The  largest  of  these  are  granitoid, 
and  limestone  fragments  are  very  common.  The  upper  horizon, 
which  varies  from  two  to  four  feet  in  thickness,  is  largely 
gravel,  often  mixed  with  dirt.  The  beds  become  cleaner  ana 
carry  less  gravel  below.  They  show  evident  sorting,  but  are 
imperfectly  stratified  and  are  variable  throughout.  The  total 
thickness  runs  up  to  fifteen  or  eighteen  feet  This  material 
rests  upon  limestone,  upon  the  surface  of  which  bowlders  are 
occasionally  reported  to  be  found.  These  materials  are  excel- 
lent for  masonry  work  and  plastering,  and  fair  for  concrete. 
They  are  also  satisfactory  as  road  materials.  Large  quantities 
are  easily  available. 

On  the  west  bluff  of  the  Cedar  in  the  southeastern  part  of 
Charles  City  is  a  pit  owned  by  Mrs.  Eliza  Barnes.  The  pit 
shows : 

FEET. 

4.  Soil  covering  1-2 

Z^    Sand  and  clay  2-3 

2.  Sand,  fine,  and  fine  yellowish  gravel  2-3 

1.  Gravel  and  sand,  fine,  much  cross-bedded,  some  small  lenses 

of  sandy  clay,  flat  slabs  and  cobbles  in  places,  exposed, 
about    10 

There  are  about  five  acres  in  the  immediate  vicinity  of  this 
pit  which  may  all  be  underlain  by  similar  materials. 

A  face  similar  in  general  characteristics,  but  varying  some- 
what in  detail  is  exposed  in  the  pit  of  Alfred  Laun  at  Floyd. 
This  pit  is  in  a  terrace  similar  to  that  at  Charles  City  described 
above,  and  shows  in  section : 

FEET. 

5.  Son,  etc 2-3 

4.    Gravel,  fine  to  coarse,  some  sand  and  day,  brownish 3-4 

3.  Gravel,  fine  to  coarse,  some  sand  and  flat  chips  of  litho- 

graphic stone  2-3 

2.  Gravel  and  sand,  flne,  clean,  a  few  small  lenses  of  clay, 

much  cross-bedded,  some  coarse  pebbles  and  flat  chips  of 
country  rock 10 

1.    Gravel,  horizontally  stratifled,  more  sand  and  clay  than 

in  No.  2 3 
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Very  similar  conditions  obtain  along  Shell  Rock  river.  At 
Marble  Rock  three  terraces  are  present  on  the  west  side  of  the 
river.  The  upper  terrace  has  been  opened  at  several  points. 
In  this  terrace  the  gravel  is  mixed  with  a  considerable  quantity 
of  dirt.  The  middle  terrace  is  composed  of  good  material, 
coarser  in  the  upper  than  in  the  lower  part.  From  a  well 
section  taken  in  the  neighborhood  it  would  seem  that  in  places 
the  gravel  continues  down  to  the  level  of  the  river  bottom.  The 
lower  terrace  is  about  twenty  feet  above  the  flood  plain  of  the 
river,  and'  the  upper  two  rise  about  ten  and  twenty  feet  re- 
spectively above  this  level.  South  of  Marble  Rock  the  terraces 
are  repeated  on  the  east  side  of  the  river.  The  Rock  Island 
Railway  Company  has  a  pit  on  the  middle  terrace  from  which 
some  fifteen  feet  of  material  of  excellent  quality  have  been  re- 
moved. South  of  the  cemetery  a  pit  which  has  been  opened  in 
the  upper  terrace  shows  gravel  that  is  coarser  and  dirtier  than 
that  of  the  middle  bench. 

These  terraces  continue  down  the  river  into  Butler  county. 
Gravel  for  local  use  has  been  taken  out  at  several  points. 

Stone. 

The  Devonian  limestone  and  shales  form  the  country  rock 
over  the  entire  county  so  far  as  known  at  this  time.  Numerous 
outcrops  appear  along  Shell  Rock  river,  Floyd  creek,  Cedar 
river  and  Little  Cedar  river.  Outcrops  of  the  Lime  Creek  shales 
are  confined  to  Rockf  ord  and  vicinity,  while  all  of  the  limestones 
belong  to  the  Cedar  Valley  stage.  The  limestones  are  prevail- 
ingly hard,  white,  compact,  often  lithographic,  evenly  bedded 
and  almost  pure  calcium  carbonate.  They  are  often  associated 
with  or  interbedded  with  magnesian  or  dolomitic  layers. 

Along  Shell  Rock  river,  sections  at  Nora  Springs,  Rockford 
and  Marble  Rock  give  the  range  of  beds  which  may  be  observed. 
At  Nora  Springs  the  following  beds  appear  in  the  bluff  at  the 
foundry  about  one  hundred  and  fifty  yards  up  stream  from  the 
Milwaukee  railway  bridge. 
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7.    Soil  and  drift  of  yaiiable  thickness  1-4 

6.  Limestone,  coralline  sone,  colonies  very  much  flattened, 
bedding  planes  not  very  distinct 6 

6.  Limestone,  bait  to  gray-buff,  otherwise  similar  to  number 
4;  bedding  planes  rather  more  apparent <.<....      4 

4.  Limestone,  white,  much  shattered,  compact  and  brittle;  bed- 
ding planes  not  apparent   3+ 

3.  Limestone,  spheroidal  Stromatopora  sone;  appears  to  be 
decidedly  concretionary  where  weathered,  spheroids  up  to 
10  Inches,  horizontal  diameter  somewhat  the  larger 8 

2.  Limestone,  gray-buff,  evenly  bedded,  compact  to  somewhat 
earthy  fracture,  less  brittle  than  1,  grades  upward  into 
white  limestone 2 

1.  Limestcme,  white,  apparently  brecciated;  bedding  planes  not 
well  defined,  compact  and  brittle,  exposed  at  this  point 
above  low  water  6 

Just  below  the  mill,  some  three-eighths  of  a  mil^  farther  up 
stream,  several  sniftU  quarries  have  been  opened.  The  same 
beds  are  exposed  but  show  considerable  variations,  especially 
in  bedding.  All  of  the  beds  up  to  number  4  are  massive.  Num- 
ber 2  appears  as  a  single  ledge,  in  places.  Although  the  spher- 
oidal masses  can  be  seen,  number  4  takes  on  a  somewhat  shaly 
character  and  is  thicker  than  at  the  foundry.  In  places,  how- 
ever, this  member  appears  as  a  single  massive  ledge.  The  beds 
all  dip  up  stream.  The  stone  derived  from  these  beds  is  used 
quite  generally  throughout  the  town  and  adjoining  country. 

At  Bockford,  beds  higher  in  the  series  appear  and  only  the 
uppermost  member  of  the  Cedar  Valley  limestone  appears  in 
the  low  escarpment  along  the  river.  Back  from  the  river  the 
Lime  Creek  shales  appear.  While  the  actual  contact  between 
the  Cedar  Valley  and  the  Lime  Creek  was  not  seen,  the  section 
which  can  be  viewed  along  the  river  and  in  the  pit  of  the  Cream 
City  Brick  and  Tile  Company  is  as  follows: 

ROCKFORD  SECTION.  

FEET. 

10.     Soil  and  drift,  variable  in  thickness  0-2 

9.     Marl,  blue-gray,  oxidizes  to  a  yellowish  color,  highly  fossillf- 

erous  UJ-f- 

8.     Clay-shale,  gray-blue,  slightly  gritty  and  more  pervious  than 

beds  below 15 

7.     Iron-stained  sone,  containing  concretions;  of  variable  thick- 
ness   %-2 

6.     Clay-shale,  similar  to  number  6 6 

6.     Shale,  gray-blue,  slightly  gritty  12 
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FEET. 

4.  Limestone,  shaly,  exposed  but  thickness  not  determined 

3.  Limestone,   white,   similar   to   uppermost  beds   along   the 

river  at  Nora  Springs;  coralline,  thinly  bedded  12 

2.  Dolomite,  or  dolomitic  limestone,  brown  and  porous 3 

1.  Limestone,  gray-blue,  in  medium  heavy  ledges,  exposed . .      4 

The  marls  and  shales  continue  more  or  less  uninterruptedly 
to  the  *'Clay  Banks''  south  of  Portland  in  Cerro  Gordo  county 
and  can  be  traced  southward  from  Rockford  two  or  three  miles. 
They  are  not  known  to  occur  in  any  considerable  quantity  north 
and  east  of  Lime  creek  or  of  Shell  Rock  river.  The  marl  is 
used  to  some  extent  for  road  work  and  appears  to  cement  well. 
The  lower  limestone  beds  have  been  quarried  in  a  small  way 
but  are  too  near  the  water  level  in  the  river  to  permit  their  ex- 
tensive development. 

At  Marble  Rock  a  number  of  quarries  have  been  opened  and 
are  operated  at  the  present  time.  About  three-fourths  of  a 
mile  above  the  wagon  bridge  a  quarry  has  been  opened  on  the 
east  side  of  Shell  Rock,  river  and  presents  the  following  beds : 

MARBLE    ROCK    SECTION. 

FEET. 

5.  Soil  and  drift   1-4 

4.  Limestone,  white,  with  spheroidal  Stromatopora,  hard  and 

brittle,  beds  heavy  where  unweathered;  becomes  cavernous 
in  part  and  the  middle  portion  is  brecciated,  exposed 10-12 

3.  Limestone,  magnesian  or  dolomitic,  much  weathered  and 

stained  in  places,  yellowish  brown,  evenly  bedded,  ledges 
shaly   in   part    8 

2.  Limestone,  dolomitic,  shaly,  iron-stained 2 

1.    Limestone,  white,  the  details  are  as  follows: 
10  inch  ledge,  lithographic 
10  inch  ledge,  brecciated. 

Two  10  inch  ledges,  separated  by  shaly  parting. 
10  and  12  inch  ledges,  lithographic  In  character. 
20  to  24  inch  ledge,  almost  lithographic. 
14  Inch  and  18  inch  ledges,  separated  by  shaly  part- 
ing, hard,  compact 

Total    9 

The  ledges  in  number  1  constitute  a  compact,  hard,  brittle 
limestone  almost  lithographic  throughout,  with  the  exception 
of  the  ledge  next  to  the  top  of  the  series,  which  is  distinctly 
brecciated.  All  of  the  layers  are  evenly  bedded  and  all  but  the 
third  and  fourth  layers  are  separated  by  shaly  or  marly  part- 
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mgs,  thus  facilitating  quarrying  by  very  simple  methods.  All 
of  the  lower  limestone  beds  show  good  ability  to  resist  weather- 
ing influences.  The  lower  limestone  beds  are  most  highly  prized 
for  quarry  purposes  although  the  dolomitic  beds,  when  not 
too  much  weathered,  are  also  used.  Both  the  upper  and  lower 
limestones  are  well  adapted  for  crushed  stone  products.  Old 
quarries  were  opened  in  the  upper  limestone,  which  was  also 
burned  for  lime.  The  remains  of  an  old  pot  kiln  may  still  be 
seen  in  the  immediate  neighborhood. 

Along  Cedar  river  and  its  immediate  tributaries  an  abundance 
of  indurated  rock  is  available,  often  with  very  little  overburden. 
The  principal  quarries  are  located  at  Lithographic  City,  Floyd 
and  Charies  City.  The  Interstate  Development  Company  has 
made  extensive  openings  at  Lithographic  City  and  is  planning 
to  operate  its  property  on  a  large  scale  in  the  near  future. 
Two  quarries  have  been  opened.  The  beds  exposed  are  as 
follows : 

LITHOGRAPHIC   CITY   SECTION.* 

PERT 

11.    Soil   and   drift    l' 

10.    Limestone,  lithographic  6 

9.    Limestone,  yellow-gray,  friable,  coarsely  granular  and  thin- 
bedded    % 

8.    Limestone,   dense,   compact,   buff  to   grayish   white,   thin- 
bedded    3% 

7.    Limestone,   lithographic,   shattered   and   unevenly   bedded, 
brown,  variegated 1 

6.  Clay  parting    Vf 

6.  Limestone,   compact    1% 

4.  Clay  parting    V« 

3.  Limestone,  buff  to  pink,  lithographic    1% 

2.  Limestone,  gray,  subcrystalllne  % 

1.  Limestone,  lithographic,  dense,  exposed  3 

A  large  number  of  specimens  have  been  selected  from  the 
various  beds  in  the  quarry  and  polished.  Enough  has  been  done 
to  demonstrate  thoroughly  the  superior  quality  of  certain  of  the 
layers  for  lithographic  purposes.  It  has  also  been  demonstrated 
that  the  lithographic  stone  can  be  obtained  in  large  slabs  prac- 
tically free  from  fractures,  calcite  balls,  clay  seams  and  other 
imperfections.    Other  beds  take  a  good  polish  and  are  of  a 

•From  notes  supplied  by  Mr.  C.  L.  Webster,  Charles  City,  Iowa. 
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pleasing  color.  They  can  be  quarried  in  blocks  of  almost  any- 
lateral  dimensions  atid  will  undoubtedly  find  a  ready  market. 
The  waste  from  the  quarries  would  make  an  excellent  grade 
of  crushed  stone.  A  large  area  is  available  with  almost  no 
overburden.  A  short  line  of  railway  has  been  surveyed  and  the 
company  contemplates  building  in  at  an  early  date. 

At  Floyd,  extensive  quarrying  has  been  done  through  a  period 
of  many  years.  A  quarry  just  north  of  town  along  the  main 
roadway  shows  the  following  beds: 

KELT. 

8.     Drift  and  soil  up  to   4 

7.    Limestone,  brown,  dolomltic  8 

6.    Limestone,  white  to  gray,  compact,  brittle   3 

5.  Limestone,  subcrystalline,  sugary,  gray  to  brownish,  appar- 
ently dolomltic   4 

4.  Limestone,  gray-white,  blue  above,  compact,  weathers  con- 
cretionary           3 

3.  Limestone,    blue-gray,   shaly   above    4 

2.  Limestone,  brown,  vesicular,  dolomltic 1 

1.  Limestone,    compact,    exposed    3 

Many  of  the  older  buildings  and  nearly  all  foundations  in 
the  town  attest  the  popularity  of  the  stone  for  structural 
purposes. 

Charles  City  is  the  chief  quarry  center  in  the  county.  Of  the 
numerous  quarries  which  have  been  opened  and  operated  from 
time  to  time,  a  large  quarry  located  in  th^  southwestern  part 
of  town  may  be  taken  as  a  fair  average.  The  beds  developed 
are  as  follows : 

CHARLES   CITY    SECTION. 

FEET. 

4.  Soil,  drift,  and  terrace  materials,  the  latter  constituting  the 

larger  portion  of  the  overburden    4-8 

3.  Limestone,   ledge   persistent 1-2 

2.  Limestone,    magnesian,    light    brown,    vesicular    and    sub- 

crystalline,   less    evenly   bedded   than   number   1,   concre- 
tionary in  part   5-6 

1.  Limestone,  gray,  weathers  white,  compact  and  brittle;  even- 
ly bedded,  but  beds  undulating;  comparatively-  free  from 
flaws   and    remarkably   uniform,   exposed 8 

The  layers  in  number  1  are  separated  by  thin  clay  partings 
which  greatly  facilitate  quarrying  operations.  According  to 
Mr.  C.  L.  Webster,  the  stromatoporoid  zones  lie  from  fifteen 
to  twenty  feet  below  the  base  of  the  qua^^5^    Number  1  in  the 
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above  section  is  the  chief  quarry  rock  and  has  been  used  ex- 
tensively in  Charles  City  and  the  adjacent  country.  The  M.  E. 
Church  and  First  National  Bank  buildings  are  among  the  more 
important  structures  constructed  from  local  materials;  the  for- 
mer bearing  the  date  of  1854.  Both  are  in  good  repair  and  the 
stone  appears  to  possess  excellent  weathering  qualities.  The 
Charles  City  Marble  Company  owned  and  operated  the  quarry. 
This  company  also  attempted  to  cut  and  polish  the  stromatopo- 
roids  for  ornamental  work  but  with  indifferent  success  as  a 
commercial  venture,  although  some  very  handsome  pieces  were 
turned  out 

South  of  Charles  City,  quarries  have  been  opened  at  several 
points.  On  the  south  half  of  section  20,  township  95  north, 
range  XV  west,  east  of  the  wagon  road  and  north  of  a  small 
creek,  the  following  layers  may  be  seen: 

FEET. 

11.    Soil  and  drift,  thin,  up  to    1 

10.    Limestone,  light  colored,  magnesian,  shattered  and  fossilif- 

erouB    1 

9.    Limestone,     nodular,     containing    many     stromatoporoids, 

badly  broken,  fossiliferous   4^ 

8.    Dolomite,   brown    1V« 

7.    Limestone,  lithographic,  thinly  bedded,  where  weathered, 

separating  into  thin  plates  V/« 

6.    Limestone,  compact,  brown,  becomes  thinly  bedded  below 

in  weathering   2 

5.  Limestone,  impure,  earthy,  forming  a  reentrant  in  cliff 
face  and  breaking  down,  on  weathering,  to  a  yellow, 
clayey  mixture    V* 

4.  Limestone,  thinly  bedded  and  light  brown  to  bluish  in 
color;  laminfle  separated  by  bands  of  weathered  clayey 
residue 2^^ 

3.    Talus   slope    7 

2.  Limestone,  ledges  similar  to  number  4,  but  heavier  and 
firmer,  with  fewer  clay  partings  and  deeper  brown  in 
color    10 

1.    Talus  slope  to  creek  bed  4 

Some  quarrying  was  formerly  done  at  this  point.  An  abun- 
dance of  material  is  easily  available  and  under  very  light  over- 
burden. 

In  the  southeastern  portion  of  the  county  some  quarrying 
has  been  done.  The  most  important  opening,  the  Allen  quarry, 
two  and  three-fourths  miles  northwest  of  Nashua,  is  given  here- 
with : 
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FEET. 

3.    Drift  and  soil  of  Indefinite  thickness. 

2.    Limestone,  in  thin  beds,  yarylng  from  one  to  five  inches 
'   in  thickness,  some  layers  soft  and  granular,  others  hard 
and  fine-grained   8 

1.    Limestone,   consisting   of   the  following  ledges   from   the 
.  bottom  upward:    eighteen  inch,  twelve  inch,  fourteen  inch, 
eight  inch  and  five  six  inch  ledges  respectively  7 

The  bottom  ledge  affords  stone  suitable  for  bridge  work,  while 
several  of  the  other  ledges  yield  satisfactory  building  stone. 
The  limestone  members  throughout  are  excellently  adapted  for 
crushed  stone  products. 

FRANKLIN   COUNTY. 
SAin>  Ain>  GsAvxL. 

The  important  sand  and  gravel  deposits  of  Franklin  county 
are,  genetically,  of  two  classes,  viz.,  gravel  trains  derived  from 
the  Wisconsin  drift  and  now  appearing  as  terraces  along  the 
streams  which  furnished  outlet  for  the  flood  waters  from  the 
melting  ice,  and  pockets  within  the  drift  hills  themselves.  Bu- 
chanan gravels  are  also  present,  but  are  available  in  hardly  suffi- 
cient quantity  to  be  valuable  as  a  source  of  supply. 

Stream  Terraces. — The  Altamont  moraine  crosses  the  county 
in  a  direction  slightly  west  of  north,  and  divides  it  into  two 
nearly  equal  parts.  All  of  the  streams  that  issue  from  the  mo- 
raine are  bordered  by  more  or  less  continuous  beds  of  gravel, 
which  usually  appear  as  valley  terraces  in  the  lowan  drift  area, 
which  lies  to  the  east  of  the  Altamont  moraine.  The  gravels 
are  especially  noticeable  on  Bailey,  Otter  and  Buffalo  creeks, 
along  which  they  may  frequently  be  seen  within  the  borders  of 
the  Wisconsin  drift.  They  occur  along  Mayne  creek  in  Beeve 
and  Geneva  townships.  The  materials  are  well  sorted  as  a  rule 
and  are  products  of  the  streams  while  they  were  flooded  during 
the  melting  of  the  Wisconsin  glacier.  More  or  less  sand  is  al- 
ways present  and  cross-bedding  is  a  prevailing  feature.  The 
fineness  of  the  pebbles  composing  the  gravels  increases  with  the 
distance  from  the  Wisconsin  border — as  would  be  expected  with 
the  decrease  in  declivity  and  hence  in  the  carrying  power  of  the 
streams. 
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Where  the  West  Fork  of  the  Cedar  enters  the  county  it  is 
skirted  by  a  gravel  bench,  twelve  to  fifteen  feet  higher  than  the 
flood  plain.  This  terrace  unites  in  section  18  of  West  Fork 
township  with  the  Bailey  creek  terrace,  which  forms  a  very  con- 
spicuous bench  along  the  latter  stream  throughout  its  course  in 
the  county,  and  is  here  ten  feet  above  the  flood  plain  level,  Be^ 
yond  section  28,  West  Fork  township,  the  gravels  are  not  con- 
spicuous. The  terrace  in  places  extends  a  mile  back  from  the 
stream,  the  town  of  Sheffield  being  built  on  such  a  flat  north  of 
Bailey  creek.  The  gravels  in  Sheffield  are  twenty-five  to  thirty 
feet  thick. 

The  Sheffield  Cement  Products  Company  has  opened  a  pit 
west  of  town  just  south  of  the  Saint  Paul  and  Kansas  City  Short 
Line  railroad  station.  About  fifteen  feet  of  gravel  are  being 
developed.    The  stripping  ranges  up  to  four  feet  in  thickness. 

The  gravels  are  also  seen  along  Otter  and  Hartgrave  creeks 
and  vary  in  height  above  the  water  from  fifteen  feet  at  the  mo- 
raine to  disappearance  in  eastern  Ingham  township.  The  ter- 
race on  Mayne  creek  is  not  so  conspicuous  as  are  those  along 
the  other  streams  in  the  eastern  part  of  the  county,  and  is  not 
important  beyond  the  eastern  boundary  of  Reeve  township.  A 
gravel  train  flanks  Iowa  river,  but  does  not  occur  as  a  bench, 
being  seen  only  in  road  cuts  and  but  little  above  the  river.  The 
gravel  underlies  the  thin  layer  of  alluvial  silt  that  has  been  put 
down  in  places  by  this  river. 

These  terraces  furnish"  excellent  and  abundant  supplies  of 
gravel  and  sand  for  road  construction  and  concrete  work.  For 
road  building  the  graVel  beds  are  worked  at  many  points  where 
the  public  highways  cross  the  stream  valleys. 

Pits  have  been  opened  in  the  terraces  in  many  places.  North 
of  Dows  are  two  pits,  one  of  which  shows  ten  to  twelve  feet  of 
fine  and  coarse  gravel  with  some  sand  under  two  feet  of  cover- 
ing. In  southwest  section  36  of  Osceola  township  is  a  gravel- 
bearing  terrace  about  eleven  acres  in  extent.  This  shows  six 
to  eight  feet  of  mostly  fine  gravel  resting  upon  sand  and  covered 
by  some  two  feet  of  soil.  There  is  also  an  opening  in  section 
35  of  the  same  township  which  is  owned  by  the  county. 
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Drift  Gravels. — Gravel  and  sand  deposits  are  a  common  oc- 
currence in  the  hills  of  the  Wisconsin  moraine  and  in  the  low 
knobs  and  ridges  which  dot  the  whole  surface  of  this  formation. 
On  the  road  between  sections  5  and  6  of  Reeve  township  strati- 
fied sand  and  gravel  occur  beneath  a  thin  layer  of  partially  as- 
sorted Wisconsin  drift.  Six  to  eight  feet  of  the  deposit  have 
been  opened  up  and  large  amounts  removed  from  both  sides  of 
the  roadway.  Gravel  and  sand  are  hauled  from  this  pit  to 
Hampton  for  use  in  the  manufacture  of  cement  blocks  and  for 
filling  material  in  other  lines  of  constructive  work. 

In  the  northwest  quarter  of  section  19  in  Morgan  township  is 
a  series  of  morainal  knobs.  One  of  these  has  been  dissected 
and  found  to  be  composed  of  well  stratified  clean  sand,  quite 
free  from  iron-stain  and  other  impurities.  The  strata  are 
neither  horizontal  nor  continuous,  but  are  interrupted  and  ir- 
regularly tilted  at  all  angles.  The  sand  is  suitable  for  use  in 
mortar  and  plaster  mixtures.  Several  other  examples  of  drift 
deposits  may  be  noted.  Three  miles  southwest  of  Hampton  ten 
feet  of  sand  of  varying  nature  are  reported  in  a  hill.  In  south- 
west section  32  of  Ross  township  Mr.  Dean  has  a  hill  covering 
some  two  or  three  acres  which  contains  up  to  six  feet  of  fijie 
to  coarse  gravel. 

Bvrchanan  Gravels. — ^At  a  few  points  in  section  2  of  Geneva 
township  outcrops  of  coarse,  clayey  and  deeply  iron-stained 
gravels  were  observed,  and  they  appear  to  underlie  considerable 
areas.  In  the  road  running  east  and  west  through  section  2 
they  are  exposed  near  the  east  side  of  the  section  and  are  cov- 
ered by  a  few  feet  of  loess.  They  may  also  be  observed  at  va- 
rious points  in  Butler  county,  but  are  not  generally  easily  ac- 
cessible. 

Stone. 

The  Owen  beds  of  the  Lime  Creek  stage  outcrop  at  various 
points  along  the  east  side  of  the  West  Fork  of  Cedar  river  in 
the  northeast  corner  of  Eoss,  and  throughout  its  course  in  West 
Fork  township.  In  section  7,  West  Fork  township,  a  small 
quarry  has  been  opened,  from  which  some  rock  has  been  re- 
moved.   These  beds  furnish  a  supply  of  building  material  which 


FRANKLIN  COUNTY  289 

has  been  utilized  locally  at  many  points.  It  is  seldom,  however, 
that  the  stone  is  suflSciently  coherent  to  permit  of  any  extended 
use  for  structural  work. 

The  quarry  opening  just  north  of  the  road  along  the  south 
.side  of  section  7,  West  Fork  township,  affords  the  following 
section : 

FEET. 

2.  Shale,  yellow,  magnesian,  with  chert  nodules  and,  near  the 
base,  interbedded,  subcrystalline  limestone,  apparently 
dolomite.  In  places,  definite  bands  of  chert  permeated 
with  brachiopod  impressions,  Spirifer  whitneyi  most  abun- 
dant           3% 

1.  Dolomite,  brown,  thinly  bedded,  fossiliferous,  partially  crys- 
talline; much  shattered  at  top  and  badly  rifted  through- 
out,  exposed    7 

Only  the  lower  bed  can  be  used,  and  this  on  account  of  its 
coarsely  granular  and  partially  weathered  condition,  is  not  a 
durable  material.  It  has  been  used  to  a  limited  extent  for  side- 
walk flagging,  and  in  walls,  where  it  is  fairly  satisfactory. 

The  Carboniferous  rocks  present  in  the  county  belong  to  the 
Kinderhook  stage.  In  the  eastern  portion  of  the  county,  beyond 
the  border  of  the  Wisconsin  drift,  Kinderhook  rocks  are  exposed 
along  the  channels  of  all  the  principal  streams.  The  rocks  of 
this  stage  consist  in  this  county  of  limestones  and  shales,  the 
former  varying  from  soft,  marly,  argillaceous  beds  containing 
large  quantities  of  chert,  to  compact,  partially  crystalline,  fossil- 
iferous or  semioolitic  dolomite.  The  shales  range  from  mag- 
nesian  and  calcareous  beds  which  in  many  instances  represent 
the  firmer  limestones  in  a  state  of  decay,  to  typical  yellow  or 
bluish  plastic  clays. 

Weathered  Kinderhook  limestone  appears  along  Bailey  creek 
in  Richland  township.  Along  Otter  creek  these  beds  are  also 
exposed  almost  continuously  from  section  30  of  Ross  to  its  union 
with  Hartgrave  creek  in  Ingham  township.  One  mile  west  of 
Chapin  at  the  southwest  corner  of  section  29,  limestone  is  quar« 
ried.    The  following  section  may  be  viewed : 
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F:g.  35— Klnderhook  llm 


3.    ThiQ    drift    hoII    1 

2.    Badly  weathered  and  Iron-staioed  arKlllaceouB  limeetone..       7 
1.     Regularly  bedded  blue-gray  to  sugary  brown  dolomltlc  lime- 
stone, cont&lnlDg  Ortliothetes,  related  to  0.  inequatia  Hall, 
and  Orthls    ( ?) ,   exposed    S 

This  quarrj'  is  worked  by  Mr.  Wm.  Low.  A  quarry  face  eight 
to  ten  rods  in  length  is  open.  The  usable  portion  of  the  section 
is  oovered  by  six  to  eight  feet  of  argillaceous  weathered  rock 
which  must  be  removed  by  stripping.  The  lower  beds  are  regu- 
lar and  the  individual  layers  vary  from  six  to  eighteen  inches  in 
thickness.  The  stone  is  granular  and  fossiliferous  and  ranges 
from  brown  to  blue-gray  in  color.  It  yields  readily  to  shaping 
for  dimension  work  and  affords  the  most  durable  building  stone 
now  produced  in  the  county,  A  moderate  local  demand  is  sup- 
plied, none  as  yet  being  shipped. 

Ledges  of  this  rock  form  the  east  boundary  of  Otter  creek  val- 
ley and  appear  for  some  distance  both  north  and  south  on  both 
sides  of  the  stream.  Outcrops  are  to  be  found  in  the  vicinity 
of  Buflfalo  creek  in  section  36  of  Kichland  township,  and  section 
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\  ^>w^^  Ross ;  it  is  also  found  along  the  west  side  of  section  6,  and 

V^^ss  sections  5  and  4  of  Mott  township,  where  the  bordering 
^mIs  are  all  suppcfrted  by  the  limestone,  which  stands  twenty- 
five  feet  above  the  stream.  Throughout  the  remainder  of  its 
course  in  Mott  and  Ingham  townships,  Otter  creek  valley  is 
bounded  by  limestone  walls,  and  evidences  of  the  presence  of 
limestone  are  to  be  seen,  aside  from  natural  outcrops  and  hill- 
/  side  talus,  on  nearly  every  section  line  where  the  public  high- 

way crosses  this  creek. 

Limestone  is  also  found  along  Spring  creek  in  sections  21  and 

22,  and  along  Squaw  creek  in  the  city  of  Hampton.    Stone  has 

Jong  been  quarried  in  the  north  part  of  the  town.    A  poor  grade 

of  limestone  is  now  being  used  from  an  opening  a  few  hun- 

dred  yards  west  of  the  cemetery.    This  opening  shows  the  fol- 

h\%rii2g  section: 

FEET. 

3.    Earthy,  shattered  and  iron-stained  limestone  with  numerous 

bands    of   chert    5 

2.  Thin-bedded,  earthy  limestone  permeated  with  chert  in 
bands  and  irregular  concretions;  somewhat  cavernous, 
brachiopod   impressions  preserved  in   chert    6V^ 

y,.    Heavier  beds  (6-8  inches)  and  less  chert,  caverns  lined  with 

botryoidal  calcite   7 

^^      rock  is  weathered  and  contains  intermittent  bands  of 
$^gtV  which  cause  it  to  break  very  irregularly.    It  is  used  for 
Ay  the  rougher  masonry  work  and  would  not  give  satisfaction 
ill  exposed  positions. 

There  are  innumerable  exposures  of  the  lower  limestones,  and 
occasionally  of  the  shaly  beds,  not  in  the  immediate  vicinity  of 
the  streams,  in  the  north-central  part  of  Ingham  and  in  the  cor- 
ners of  Mott  and  Ross  townships,  where  the  main  features  of  the 
topography  are  expressed  in  these  older  rocks.  In  the  northeast 
quarter  of  section  28,  Ingham  township,  south  of  the  railroad 
track,  a  small  quarry  is  opened  on  the  land  of  D.  W.  Mott.  The 
sequence  is: 

FEET. 

3.    Soil  and  decayed  limestone   4 

2.    Plastic,  light  blue  shale  with   very  thin   bands  of  lime- 
stone           2 

1.    Fossiliferous,    crystalline   brown   dolonaitic   limestone,   ex- 
posed         S 
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The  beds  are  much  rifted  horizontally  and  fractured  by  verti- 
cal joint  planes. 

On  Mayne  creek  the  greatest  thickness  of  beds  is  to  be  seen 
near  the  north  side  of  section  21,  Reeve  township.  The  section 
is  partially  obscured  by  talus  materials,  but  it  is  approximately 
as  follows: 

FEET. 

8.    Drift   8 

7.    Thinly  bedded  shattered  limestone  with  much  chert  In  oyal 
nodules  and  more  or  less  persistent  bands   14 

6.    Heavier  bedded,  arenaceous  limestone,  carrying  chert  as 

above,  and  occasional  caverns  and  calcite  geodes   6 

5.    Shaly  limestone  with  bands  of  firmer  rock  12 

4.    Compact,  resistant  ledge  of  limestone 1 

3.    Argillaceous  limestone-  containing  some  chalky  appearing 

chert  nodules  grading  into  No.  2 2 

2.    Firmer  but  weathered  and  iron-stained  limestone  1% 

1.    Compact,  evenly  bedded  dolomitic  limestone  3^ 


I 


Judging  from  its  lithologic  character,  No.  1  appears  to  be 
•equivalent  to  the  rock  quarried  one  mile  west  of  Chapin.  In  the 
southwest  quarter  of  the  southeast  quarter  of  section  10,  Geneva 
township,  just  east  of  the  wagon  bridge  over  Mayne  creek,  is  a 
quarry  belonging  to  Mr.  Oren  Benson  of  Geneva,  which  exposes 
beds  as  follows : 

FEET. 

4.     Soil    1% 

3.    Weathered  magnesian  limestone  with  abundant  small  flint 

nodules    5% 

2.    Heavy  bed  showing  no  lines  of  separation;   brown  where 

weathered    and    fossiliferous     (Productus    bearing    long 

spines  being  very  abundant) ;  interior  of  large  blocks,  light 

in  color  or  mottled  by  pink  interstitial  calcite,  distinctly 

oolitic  in  texture 10 

1.    Calcareous  shale  resting  on  limestone  l 

A  few  feet  below  the  base  of  this  quarry  and  eight  feet  above 
the  water  in  the  creek  the  top  of  the  impervious  shales  is 
marked  for  some  distance  eastward  along  the  south  side  of  the 
valley  by  a  line  of  springs.    The  drift  covering  is  very  thin  and 

the  limestone  forms  a  ridge  extending  eastward  into  sections  11 

• 

and  14.  In  a  quarry  near  the  north  boundary  of  section  14,  on 
the  land  of  Mr.  H.  H.  Andrews,  the  same  succession  of  strata 
may  be  observed  as  noted  above  in  section  10.  The  beds  are 
here  broken  by  vertical  jointing  which  in  places  has  produced 
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op^TX  Assures  six  to  eight  inches  in  width.  Unweathered  samples 
of  thte  lower  stratum  show  an  abundance  of  crystals  of  iron 
pyrite.  The  limestone  rests  on  yellow  shale  which  is  exposed  in 
the  tx'ench  cut  by  a  small  stream  a  few  hundred  yards  from  the 
qua  rx-y- 

Tlr^  Kinderhook  limestone  is  removed  for  local  use  at  a  large 
nuiml>^r  of  other  points  in  Ingham,  Geneva  and  Osceola  town- 
gliipSy  but  at  the  above  mentioned  two  localities  only  have  quarry 
openxxigs  been  made  of  suflScient  extent  to  show  the  nature  of  the 
ua^wea  thered  rock.    Away  from  the  weathered  parts  the  rock  is 
iglit  in  color  and  compact,  and  resembles  in  general  appearance 
tke  Bedford  stone.    In  natural  outcrops  this  bed  separates  into 
amiierous  laminae,  each  a  few  inches  thick,  but  where  newly  ex- 
posed, slabs  of  almost  any  desired  size  can  be  obtained. 

A    small  amount  of  stone  is  removed  each  year  from  these 
quarries.    It  is  believed  that  continued  development  might  open 
^p  nnweathered  portions  of  the  bed  which  would  furnish  very 
fiTood.  building  stone.    It  seems  likely  also  on  account  of  the  ex- 
treme thinness  of  the  drift  that  prospecting  along  Mayne  creek 
^n  tlxxs  vicinity  would  discover  places  where  it  would  be  possible 
^^    obtain  desirable  stone  that  is  not  buried  beneath  so  great  a 
^^iolcness  of  weathered  residuum  which  must  be  removed. 

FREMONT    COUNTY. 
Sand  and  Oratel. 

ad  material  is  exceptionally  scarce  along  the  Missouri 
^^^x-  bluffs  in  Fremont  county.  In  only  one  place  is  good 
P'a-"^?^^]  exposed,  and  that  is  in  section  30  of  Sidney  township. 
Th^     ^  cction  is : 

FEET. 

Loess   10 

Sand,  medium  8 

Gravel,  fine  and  sandy 7 

^^^   sand  and  gravel  sell  for  seventy-five  cents  per  yard. 

1^^     loess  will  surely  increase  in  depth  as  the  pit  is  worked. 

c>a,xi<i  in  small  quantities  can  be  obtained  in  a  few  places,  as 

va  ^^otion  2,  Scott  township.    This  pit  shows  eighteen  feet  of 

saTi<\,  carrying  from  five  to  twenty-five  feet  of  overburden. 
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The  interior  of  the  county  contains  neither  sand,  gravel  nor 
stone  suitable  for  road  and  concrete  work  in  commercial  quanti- 
ties. 

Stone. 

The  Missouri  as  exposed  in  Fremont  county  comprises  a  com- 
plicated series  of  interbedded  limestone  bands  and  shales.  While 
numerous  limestone  beds  are  present,  and  are  fairlypersistent, 
none  are  of  sufficient  thickness  to  merit  distinctive  names  or  in- 
dividual notice.  In  general  the  individual  beds  rarely  exceed 
four  feet  in  thickness,  and  are  almost  inaccessible  on  account  of 
the  excessive  overburden.  Some  quarrying  has  been  done, 
mainly  along  the  base  of  the  Missouri  river  bluflf.  A  few  unim- 
portant openings  have  been  made  in  the  interior  of  the  county 
in  the  vicinity  of  River  ton,  and  along  Plum  creek  in  Green 
township.  The  limestone  beds  when  first  exposed  appear  to  be 
well  indurated,  and  the  layers  range  from  four  to  eight  or  ten 
inches  in  thickness,  occasionally  attaining  even  greater  thick- 
nesses. The  stone  is  used  for  rough  masonry,  such  as  founda- 
tions for  buildings,  well-curbs,  retaining  walls,  and  other  rough 
work.  On  exposure  to  the  elements,  it  does  not  resist  weather- 
ing well,  but  rapidly  takes  on  a  pseudoconcretionary  structure, 
evidently  due  to  its  fragmental  character  and  imperfect  cemen- 
tation. This  effect  is  well  shown  in  the  retaining  wall  north  of 
Thurman  along  the  Thurman-Bartlett  wagon  road.  All  of  the 
limestones  appear  to  be  nonmagnesian ;  on  account  of  their  lim- 
ited thickness  and  heavy  overburden,  they  are  never  mojre  than 
of  local  importance.  The  following  sections  may  be  considered 
fairly  representative. 

Section  in  the  bluff  near  the  south  line  of  section  14,  Scott 
township : 

FEET. 

9.  Thick  loess  cover. 

8.  Limestone,  fine-grained,  o51itic  texture  3 

7.  Limestone,  impure,  fossiliferous    2^ 

6.  Limestone,  gray,  massive,  with  thin  shaly  partings  11 

5.  Limestone,  gray,  highly  fossiliferous    % 

4.  Shale,  gray,  with  black  shale  partings  1% 
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FEET. 

3.  Limestone,  bluish,  with  occasional  crinoid  stems  1 

2.  Shale  ' 1^ 

1.  Coal  reported  1% 

Section  on  Mill  creek,  near  the  center  of  the  southwest  quar- 
ter of  section  33,  Riverton  township : 

FEET. 

10.    Drift  and  loess  of  indefinite  thickness. 

9.    Shale,  weathered,  yellow  10 

8.  Limestone,  gray  to  white,  with  greenish  shale  partings, 
somewhat  pyritic,  small  blocks  of  durable  stone  obtainable      3 

7.    Limestone,  weathered,  marly,  iron-stained   2% 

6.  Shale,  blue  to  black,  calcareous,  with  yellow  blotches  and 
small  compact  concretions,  slightly  arenaceous   4 

5.    Talus  slope,  probably  limestone 2 

4.  Sandstone,  fine-grained,  soft  V« 

3.  snt,  shaly,  and  friable    4% 

2.  Sandstone,  fine-grained,  calcareous,  varying  in  color  from 

bluish  grJBiy  to  brown,  well  indurated  2 

1.  Shale,  bluish  gray,  with  reddish  arenaceous  seams,  and 
large  irregular  calcareous  concretions  lodged  in  the  ver- 
tical or  inclined  Joints    8 

Numbers  1  to  4  inclusive  appear  in  the  bed  of  Mill  creek,  but 
are  not  well  exposed. 

All  of  the  limestone  ledges  are  fairly  compact  and  are  suffi- 
ciently strong  for  road  and  concrete  work.  The  stripping  is, 
as  a  rule,  prohibitive  and  it  is  improbable  that  the  county  will 
ever  be  able  to  produce  enough  for  home  use. 

GREENE  COUNTY. 
Sand  and  Gravel. 

The  gravel  and  sand  resources  of  Greene  county  are  of  the 
two  main  types  mentioned  so  often  in  this  report  in  connection 
with  counties  lying  within  the  area  of  the  Wisconsin  drift,  viz., 
gravel  trains,  and  lenses  and  pockets  of  water-laid  materials 
in  the  drift  hills. 

Stream  Terraces. — North  Raccoon  river,  throughout  its  en- 
tire course  in  Greene  county,  follows  a  somewhat  winding  and 
tortuous  route  between  high  bordering  hills  of  Wisconsin  drift. 
The  valley,  or  bottoms,  will  average  half  a  mile  in  width  most 
of  the  way.    The  river  plain  is  perfectly  flat  or  has  a  very  gentle 
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slope  toward  the  river,  and  the  bordering  hills  rise  abruptly 
from  its  edge.  In  places  the  plain  is  but  a  deposit  of  alluvimn 
covered  with  weeds,  and  is  in  aU  probability  the  portion  which 
is  inundated  at  the  time  of  high  water.  At  other  places  the  sur- 
face is  but  little  higher,  and  is  all  cultivated  fields.  Besidents 
along  the  river  state  that  'Hhe  whole  bottom  is  underlain  by 
gravel,''  and  it  is  quite  possible  that  commercial  quantities  of 
road  and  concrete  materials  could  be  found  in  many  a  field  where 
there  is  little  outward  evidence  of  their  presence. 

Along  the  west  bank  of  the  river  in  sections  5  and  8  of  Ken- 
drick  township  there  is  evidence  of  the  presence  of  large  quanti- 
ties of  gravel  and  sand.  In  the  bank  of  the  stream  near  the 
middle  of  section  5  there  are  eleven  feet  of  gravel  and  sand 
visible  under  a  cover  of  alluvium  some  two  feet  in  depth.  The 
gravel  rests  upon  clay  about  three  or  four  feet  above  water.  The 
bench  is  a  quarter  of  a  mile  wide  and  a  half  or  three-quarters 
long  at  this  place,  and  the  surface  is  almost  perfectly  flat.  Mr. 
Black,  the  owner,  says  the  presence  of  gravel  has  long  been 
known  and  that  the  possibility  of  opening  it  commercially  has 
been  considered. 

At  the  bridge  in  northeast  9,  Kendrick  township,  is  a  broad 
flat  bench  about  twenty  feet  above  the  river,  and  perhaps  thirty 
or  more  acres  in  extent.  No  gravel  is  actually  visible,  but  sur- 
face indications  are  favorable. 

In  northwest  14  and  southeast  23,  Kendrick  township,  the 
river  road  passes  over  similar  benches,  but  all  indications  here 
point  to  the  absence  of  gravels.  Sandy  soils  in  a  cornfield  on 
the  north  side  of  the  river  in  southeast  30,  Bristol  township, 
would  seem  to  indicate  that  gravel  or  sand  may  underlie  the 
top  dressing  of  alluvium. 

In  northwest  21  and  northeast  20,  Grant  township,  is  a  pit 
worked  by  the  Chicago,  Milwaukee  &  St  Paul  Railway.  The 
present  exposure  is  poor,  but  there  seem  to  be  at  least  ten  feet 
of  dirty  gravel  covered  by  alluvium  up  to  four  or  five  feet  in 
depth.  To  the  west  and  northwest  of  the  opening  the  bench  is 
flat  over  a  considerable  area,  and  the  chances  seem  good  that 
this  tract  will  still  produce  large  quantities  of  usable  material. 


GREENE  COUNTY  297 

trough  the  south  half  of  section  22,  Grant  township,  the 
^inT-Jiole  river  bottom  for  a  quarter  of  a  mile  back  from  the  stream 
is  xa-imder  cultivation,  and  the  finding  of  gravel  in  post  holes  and 
attt^T  shallow  excavations  over  practically  all  of  it  is  commonly 
rejxz^rted.  An  open  pit  between  the  river  and  Hardin  creek 
slio^^?vs  coarse,  dirty,  iron-stained  gravel  in  which  the  granite 
pebln^les  are  much  iron-stained.  This  material  has  been  used  on 
tlie  ^Hroads  in  the  vicinity  and  is  quite  satisfactory  as  a  surfac- 
ing   -jmaterial. 

0:kh  the  west  side  of  the  river  a  few  rods  north  of  the  bridge 
ixi  section  1  of  Franklin  township  the  river  has  exposed  sand  in 
its  l>^nk.  The  material  is  clean,  sharp  sand  with  some  gravel, 
Tn»T^37  of  the  pebbles  being  several  inches  in  diameter.  There 
aro  xnp  to  four  feet  of  alluvial  covering  at  the  edge  of  the  bank, 
^•^"^ci     "this  doubtless  becomes  deeper  away  from  the  river. 

-A^t  the  bridge  in  section  18  of  Washington  township  the  river 
h^as  tmcovered  fourteen  feet  of  gravel  and  sand  under  four  feet 
^^  a^lluvium.  The  material  is  roughly  classified,  dirty,  and  many 
^^  tlxc  granite  pebbles  are  weathered  to  the  point  of  crumbling. 
Tlio    xiver  bank  is  strewn  with  pebbles  up  to  a  foot  in  diameter. 

The  bench  along  the  west  side  of  the  river,  almost  the  whole 
^^"t^iit  through  Franklin  and  Washington  townships,  is  per- 
^^^^tly  flat,  and  will  average  a  quarter  of  a  mile  or  more  in  width. 
-F'x'oin  exposures  in  the  bank  of  the  stream  it  would  seem  that 
gravel  and  sand  might  be  found  under  all  of  it.  That  there 
P^o"ba.bly  is  a  marked  variation  in  the  character  of  the  materials 
^"^^y  well  be  inferred  from  the  exposures  in  section  1,  Franklin, 
^ad  section  18  of  Washington  township.  In  the  former  place, 
^s  noted  previously,  the  materials  are  fine,  clean  and  sharp,  and 
slio^w  no  signs  of  age.  In  the  latter,  practically  the  opposite 
is    txme. 

Long  the  county  line  and  west  of  the  river  in  sections  31  and 

"Washington  township,  are  several  remnants  of  a  terrace 

^^  "^^vit  forty  feet  above  water.    What  seems  to  be  the  same  bench 

ears  again  just  northwest  of  Perry,  in  Dallas  county,  but 

are  no  indications  of  gravel  in  it. 

long  both  branches  of  Butterick  creek  in  Hardin  and  June- 
^^^  townships,  gravel  and  sand  are  present  in  a  few  places. 


V 
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The  most  noteworthy  of  these  is  in  section  24  of  Hardin  town- 
ship, where  the  Chicago  and  North  Western  Railway  is  now  se- 
curing gravel  for  ballast.  Here  there  are  about  fifteen  feet  of 
wa^er-laid  gravel  and  sand  exposed  under  cover  which  varies 
up  to  six  or  eight  feet  in  depth.  The  material  is  dirty  and  iron- 
stained  in  streaks  but  seems  to  make  excellent  ballast.  The  pit 
is  in  a  bench  on  the  west  side  of  the  river  and  the  present  face 
is  about  one-half  mile  in  length.  Enormous  quantities  of  these 
materials  are  still  available. 

Other  than  the  railroad  pit  just  mentioned  the  signs  of  gravel 
along  West  Butterick  are  very  meagre.  The  valley  grows  grad- 
ually narrower  up  the  stream,  and  at  several  places  the  creek 
has  cut  into  the  bordering  hills  of  drift  and  exposed  faces  up 
to  twenty-five  feet  in  height.  With  the  exception  of  an  occa- 
sional sand  bar,  the  flood  plain  and  valley  bottom  are  composed 
entirely  of  alluvium. 

.  The  same  things  are  true  of  East  Butterick  in  its  upper 
reaches.  Gravels  are  not  a  notable  feature  until  the  creek  en- 
ters section  20  of  Junction  township.  Here,  on  the  east  side  of 
the  stream,  in  a  bench  about  fifteen  feet  above  water,  coarse, 
dirty,  iron-stained  gravel  is  exposed  in  a  shallow  ditch  beside 
the  road.  The  material  is  quite  clayey  where  opened  and  eon- 
tains  many  pebbles  up  to  five  or  six  inches  in  diameter.  As 
nearly  as  may  readily  be  ascertained,  there  are  upwards  of  ten 
feet  of  gravel  available  under  a  depth  of  cover  which  in  all 
probability  will  at  no  place  much  exceed  four  feet.  This  bench 
was  formerly  worked  on  a  large  scale  in  east  section  20,  but 
the  pit  has  been  abandoned  for  some  time.  Large  quantities 
of  gravel  are  still  available,  however,  and  the  old  pit  could 
easily  be  opened  on  a  commercial  scale. 

Along  the  south  side  of  the  stream  through  section  20  sev- 
eral smaller  pieces  of  this  same  bench  may  be  seen,  but  on  the 
north  side  it  is  entirely  absent.  These  remnants  might  easily 
be  opened  on  a  small  scale,  and  quantities  of  gravel  sufficient 
for  all  needs  within  manv  miles  be  readilv  obtained.  In  south- 
west  30,  also,  is  a  remnant  of  what  is  probably  the  same  bench. 
There  is  a  small  pit  open  here. 
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A  few  rods  west  of  the  bridge  over  Butterick  creek  in  the 
northeast  quarter  of  section  26,  Grant  township,  is  a  small  bench 
about  eighteen  feet  above  the  creek.  The  stream  has  cut  into 
it  and  exposed  fine  to  medium  grained  gravel  under  twelve  to 
fifteen  inches  of  alluvium.  Where  exposed  at  the  edge  of  the 
bench,  the  gravel  is  quite  dirty.  There  are  perhaps  35,000  to 
40,000  yards  easily  available  here. 

In  its  general  characteristics  Hardin  creek  is  very  similar  to 
Butterick  creek.  The  stream  flows  through  a  flat  narrow  valley, 
and  is  bounded  by  low  rolling  hills  of  Wisconsin  drift.  Where 
the  road  crosses  it  east  of  Churdan,  three  feet  of  coarse,  dirty, 
iron-stained  gravel  are  exposed  under  one  and  a  half  to  two  feet 
of  alluvium.  The  gravel  rests  upon  yellow  clay.  The  river  bot- 
tom is  perfectly  flat  over  an  area  of  several  acres,  and  while 
there  is  no  definite  evidence  of  gravel  under  it  all,  yet .  there  is 
doubtless  sufficient  for  road  purposes  in  the  vicinity. 

Reworked  Materials. — Sand  and  gravel  bars  are  quite  com- 
mon in  the  principal  streams  of  Greene  county.  In  Baocoon  rivfer 
these  are  especially  prominent,  but  the  varying  quality  of  the 
materials  composing  them  is  such  that  they  are  used  for  local 
purposes  in  small  quantities  only.  An  exception  to  thi^  how- 
ever, is  a  large  bar  in  north  18,  Grant  township,  no^  being 
worked  by  A.  S.  Tanner.  The  material  in  this  bar  iB  clean, 
sharp  sand  and  gravel;  the  latter  varying  from  twenty-five  to 
sixty  per  cent  of  the  whole.  The  pebbles  run  up  to  three  and 
four  inches  in  diameter,  but  the  large  majority  are  one  inch  or 
less.  The  gravel  is  removed  from  the  river  by  means  of  a 
scraper  bucket,  screened,  and  hauled  into  Jefferson,  where  it 
is  utilized  in  the  manufacture  of  cement  goods. 

Another  large  bar  is  located  at  the  bridge  in  section  18  of 
Washington  township.  Sand  is  hauled  from  this  place  for  use 
in  cement  work  over  a  large  adjacent  territory. 

Along  Hardin  and  Butterick  creeks  small  sand  bars  may  be 
seen  in  many  places.  These  are  especially  noticeable  near  the 
mouths  and  in  the  lower  reaches,  although  they  are  present 
more  or  less  continuously  far  up  the  streams.  As  mentioned 
previously  in  connection  with  Raccoon  river,  the  varying  qnal- 
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ity  of  material  and  the  usual  nearness  of  better  and  more  de- 
pendable deposits  renders  them  unimportant  for  other  than 
small  local  supplies. 

Glacial  Deposits. — ^The  drift  hills  of  Greene  county  are  quite 
generously  supplied  with  deposits  of  sand  and  gravel.  These 
are  sprinkled  promiscuously  throughout  the  whole  county  and 
are  used  as  sources  of  local  supply  in  many  places.  North  and 
northwest  of  Jefferson  these  gravel-bearing  hills  are  particu- 
larly prominent  and  it  is  reported  that  there  is  hardly  a  section 
of  land  in  this  portion  of  the  county  in  which  gravel  is  not  found. 
Pits  in  drift  hills  have  been  opened  in  Highland  township  in 
sections  27,  28,  29  and  34;  in  sections  19,  Hardin;  30,  Dawson, 
etc.,  which  are  typical  of  this  class  of  deposits. 

GRUNDY  COUNTY. 
Sand  and  Gbayel. 

The  sand  and  gravel  resources  of  Grundy  county  are  of  three 
classes:  Buchanan  gravels,  sand  and  gravel  hills  in  the  lowan 
drift  area,  And  stream  terraces. 

Buchanan  Gravels. — In  the  north  half  of  the  county  sands  and 
gravels  that  may  be  referred  to  the  Buchanan  formation  with- 
out hesitation  are  not  infrequent.  They  are  of  both  the  upland 
and  valley  phases  (see  Buchanan  county  report)  and  are  usually 
of  a  character  to  make  them  valuable  for  use  in  improving  the 
roads,  though  no  such  extensive  use  has  been  made  of  them  for 
the  purpose  as  in  the  adjacent  counties  of  Butler  and  Black 
Hawk.  The  Buchanan  gravels  are  always  oxidized  and  iron- 
stained.  The  granitoid  constituents  are  usually  in  a  condition 
of  advanced  disintegration;  the  upland  phase  exhibiting  these 
features  in  a  higher  degree  usually  than  the  valley  phase.  The 
topography  of  the  county  has  not  favored  the  exposure  of  the 
beds  to  the  same  extent  as  in  adjoining  counties  and  it  is  doubt- 
ful if  the  deposits  themselves  are  as  extensive.  At  and  around 
Grundy  Center,  Holland  and  Wellsburg  they  are  abundant  but 
the  loess  covering  makes  access  to  them  somewhat  difficult. 
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lowan  Drift  Gravels* — ''Near  the  middle  of  section  8,  Beaver 
township,  is  a  neat  conical  hill  rising  higher  than  any  of  the  sur- 
lounding  elevations,  which  in  this  vicinity  are  relatively  low. 
Near  the  middle  of  section  17  of  the  same  township  a  cemetery 
has  been  located  on  a  somewhat  lower  and  broader  hill.  A  road 
cuts  the  south  slope  of  the  latter  near  the  base,  exposing  a  rather 
fine  sand  somewhat  oxidized  and  containing  about  5  per  cent  of 
pebbles  and  an  occasional  cobblestone.  Among  the  pebbles  a 
few  decayed  granites  and  iron  nodules  were  seen.  Eight  feet 
of  this  material  are  exposed,  and  there  are  indications  that  the 
whole  elevation  is  made  up  of  sand  or  gravel. 

''Eight  miles  farther  south  in  sections  30  and  31,  Lincoln 
township,  a  low  esker-like  ridge  of  gravel  and  sand  with  a  north- 
west-southeast trend,  terminates  abruptly  in  a  conical  hill  of 
sand  of  about  the  same  elevation  as  those  in  Beaver  township.  A 
few  rods  south  is  a  smaller  hill,  and  within  two  miles  two  or 
thr^ee  smaller  ones  may  be  seen.'^ 

Similar  kame  gravels  occur  in  other  places  in  the  county. 
John  E.  Smith,  working  in  Grundy  county  in  1911,  reported 
gravel  and  sand  in  drift  hills  in  Washington,  Lincoln,  Shiloh, 
Beaver,  Fairfield  and  other  townships. 

Terrace  Gravels. — Terraces  occur  along  many  of  the  larger 
streams  of  the  county,  and  have  been  used  as  sources  of  supply 
for  concrete  material  in  places.  At  the  pit  of  the  Grundy  Center 
Brick  and  Tile  Company  a  fine  gravel,  coarse  in  places  and  ir- 
regularly stratified  and  mixed  with  sand,  occurs  under  a  cover 
of  loess  and  lowan  drift  up  to  ten  or  twelve  feet  in  thickness* 
On  the  farm  of  F.  S.  Fogt,  one  and  one-half  miles  northwest  of 
Eeinbeck,  a  pit  has  produced  several  hundred  loads  of  sand  and 
some  gravel.  The  section  shows  interbedded  sand  and  gravely 
the  latter  being  rather  fine,  under  several  feet  of  loess.  The 
owner  has,  however,  been  using  material  shipped  from  Cedar 
Palls  in  preference  to  his  own  supply. 

Miscellaneous. — In  the  south  half  of  the  county  sand  and 
gravel  are  by  no  means  common,  especially  in  the  four  south- 

•From  Arey,  Iowa  Oeologrical  Survey,  Vol.  XX,  p.  85. 
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west  townships.  Along  the  railroad  an  eighth  of  a  mile  east 
of  Beaman,  beneath  three  or  four  feet  of  loess,  there  is  exposed 
a  slope  of  four  or  five  feet,  the  lower  part  of  which  is  made  up 
of  a  greenish  marly  clay  in  which  are  fragments  of  a  gray-green 
rock.  In  the  upper  part  the  proportion  of  clay  lessens ;  the  rock 
fragments  are  of  a  red-brown  sandstone  with  which  are  mingled 
pebbles  and  gravel.    At  the  top  gravel  predominates. 

Stone. 

Grundy  county  is  covered  by  a  thick  mantle  of  glacial  debris 
and  the  only  exposures  of  indurated  rock  known  appear  along 
Wolf  creek  near  the  southern  border.  The  only  quarry  worthy 
of  the  name  is  located  just  south  of  the  Chicago  and  North  West- 
ern railway  depot  in  Conrad,  on  the  south  bank  of  Wolf  creek. 
The  following  section  is  exposed : 

CONRAD   SECTION.  

FEET. 

5.    Drift  (modified  Kansan  probably) 5 

4.  Limestone,  residual,  consists  chiefly  of  cherty  concretions 
embedded  in  a  matrix  of  greenish  clay  streaked  and  mot- 
tled with  ferruginous  and  marly  material  3 

3.  Limestone,  slightly  o51itic,  composed  essentially  of  a  shell 
breccia  almost  identical  with  No.  1,  in  the  Eagle  City  sec- 
tion in  Hardin  county  4 

2.  Limestone,  hard,  subcrystalline,  containing  numerous  brach- 
iopod  casts   2 

1.  Limestone,  typical  odlite  in  heavy  beds;  a  StraparoUus  and 
a  turreted  form  of  gastropod  were  noted,  also  numerous 
brachiopod  casts  , 5 

The  base  of  the  section  is  about  four  feet  below  the  Chicago 
and  North  Western  railway  track  and  1,010  feet  above  tide. 

The  beds  exposed  here  may  be  correlated  with  the  upper  oolite 
in  the  Marshall  county  sections  exposed  in  the  quarries  at  Bock- 
ton,  Quarry,  LeGrand  and  Timber  creek,  and  also  in  the  Eagle 
City  section  in  Hardin  county.  The  Conrad  quarry  has  been 
operated  more  or  less  continuously  for  a  number  of  years.  The 
limited  outcrop  and  rapid  thickening  of  the  drift  compels  one 
to  conclude  that  the  quarry  industry  will  never  attain  much  de- 
velopment in  this  vicinity. 

Limestone  outcrops  appear  on  the  farm  of  M.  B.  Brown,  one- 
half  mile  southeast  of  Beaman,  in  Clay  township.    The  principal 


IS 
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^  crops  are  on  the  south  bluff  of  Wolf  creek  and  continue 
distance  of  more  than  a  quarter  of  a  mile.    The  stripping 
in  at  the  face  of  the  bluff,  but  thickens  gradually  toward  the 
md.    The  beds  exposed  probably  correspond  to  numbers  2 
to    4r     of  the  Conrad  section.    Other  outcrops  of  limestone  occur 
e  neighborhood.    While  the  quality  of  the  stone  exposed  is 
igh  grade  test-pitting  is  certainly  warranted. 

GUTHRIE  COUNTY. 
Sand  and  Gbayel. 

th  the  exception  of  the  southwestern  part,  Guthrie  county 
^ont^ins  numerous  small  deposits  of  gravel  belonging  to  three 
fe]a^:s^s:  kames,  conglomerate  and  stream  terraces.  Appear- 
ance^ also  indicate  that  a  few  large  gravel  deposits  of  the  stream 
terx-^ce  type  may  be  opened  in  places  along  Middle  and  South 
Racicioon  rivers. 


-me  Deposits, — At  present  most  of  the  gravel  obtained 
^^l^ixi  the  county  comes  from  kames,  these  being  accessible  and 

<^5sily-  opened.  Practically  all  of  the  country  north  and  east  of 
'^^^^ile  Eaccoon  river  is  covered  by  Wisconsin  drift  which  con- 

^^^'^^s  these  kames.  The  towns  of  Bayard  and  Bagley  are  sup- 
Pu.^d      from  nearby  kame  deposits.    Kames  east  and  north  of 

^^■^<^X"a  supply  that  town  with  most  of  its  sand  and  gravel,  al- 
^^^"^^S^li  a  little  comes  from  river  bars.  There  are  a  number  of 
^  ^^*^*^^^  containing  gravel  in  the  northwestern  part  of  section 
"    *    "V:=^:=  ctory  township. 


«re  any  kame  gravel  has  been  used  on  the  roads,  it  has 
satisfactory,  but  has  not  been  very  good  for  concrete 
^    "^Ic      except  when  small  clean  pockets  of  material  have  been 

^^^  ^^^lomerate. — The  conglomerate  consists  mainly  of  quartz 

pebol^g  about  hazelnut  size,  with  small  greenstone  and  limestone 

pebol^g  of  about  the  same  size.    The  whole  is  very  much  iron- 

staixx^^^  far  too  much  so  for  good  cement  work.    Gravel  to  be 

used   for  that  purpose  must  be  shipped  in,  usually  coming  from 

CoTrxxrierce  or  Des  Moines.    In  no  place  does  the  conglomerate 
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occur  as  nncemented  pebbles,  though  it  can  usually  be  picked 
down.  Still,  in  some  places,  it  must  be  blasted  out,  but  the  ce- 
menting material  is  so  weak  that  this  is  neither  difficult  nor 
costly.    The  conglomerate  is  found  in  many  places  in  a  district 


Fia.   3S — Dakota  conKlomerate 


r   Qlendon.   Outhrle   county. 


about  six  to  ten  miles  wide  and  extending  from  the  northwest 
comer  of  the  county  nearly  to  the  southeast  corner,  arid  in- 
cluding both  Baccoon  rivers.  It  underlies  a  brown,  rotten  sand- 
stone which  extends  over  the  area  mapped  by  H.  F.  Bain  as 
Dakota.  Sometimes  the  conglomerate  is  found  directly  beneath 
the  soil,  as  in  the  northwest  part  of  section  33,  Victory  town- 
ship. A  pit  in  the  southeastern  part  of  Guthrie  Center  has  about 
ten  feet  of  the  conglomerate  under  as  much  sandstone  and.  drift. 
There  are  five  to  ten  acres  of  conglomerate  eight  feet  thick  in 
:seetion  22  of  Valley  township.  The  conglomerate  here  has  little 
or  no  cover  at  any  place.  There  are  other  places  nearby  where 
the  conglomerate  might  be  found  if  a  little  prospecting  were 
done,  as  along  the  middle  of  the  east  side  of  this  same  section. 
'There  are  at  least  ten  and  probably  twenty-five  feet  of  the  con- 
:glomerate  in  the  northern  part  of  section  30,  Jackson  township. 
'This  might  possibly  prove  sufficient  to  furnish  a  shipping  sup- 
ply of  gravel. 
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Stream  Terraces. — ^While  stream  terraces  along  the  two  Rac- 
coon rivers  do  not  furnish  much  sand  or  gravel  at  present,  yet 
when  opened  up  they  may  become  the  principal  sources  of  sup- 
ply of  these  materials.    There  are  eight  feet  of  gravel  under 
one  to  three  feet  of  alluvium  in  section  2,  Orange  township.    The 
area  is  small.    There  are  twenty  to  forty  acres  in  section  20, 
Highland  township,  that  show  gravel  and  sand  under  two  feet 
of  alluvium.    No  more  can  be  said  on  account  of  poor  exposures, 
except  that  the  Chicago,  Milwaukee  &  St.  Paul  Eailway  Com- 
pany prospected  it.    There  is  a  big  flat  some  ten  to  fifteen  acres 
in  extent  and  forty-five  feet  above  the  Middle  Raccoon  in  the 
northern  part  of  section  15,  Victory  township,  that  looks  like  a 
terrace.    There  is  no  reliable  exposure,  but  small  pebbles  are 
plentiful  and  the  corn  on  the  flat  was  badly  fired.    The  drainage 
^^  STOod  enough  to  warrant  prospecting  for  gravel.    There  is  an 
^^B^  of  thirty  or  forty  acres  in  the  southwest  corner  of  section 
J^    CJass  township,  that  looks  like  a  remnant  of  a  high  terrace, 
y    ^^:3^?ep  cut  along  the  road  shows  from  ten  to  fifteen  feet  of 
gj^t^%i^«l  and  sand  overlain  by  two  feet  of  alluvium.    The  Chicago, 
Boc^fe:  Island  &  Pacific  Railway  Company  has  prospected  an  area 
of     ^TDOut  forty  acres  in  section  19,  Jackson  township.     The 
o^r:ia.^T  said  they  found  from  seventeen  to  twenty-one  feet  of  fine 
gra^^^^.    The  alluvium  cover  is  three  feet  or  less.    An  advantage 
of  ttiis  place  is  that  it  would  not  be  difficult  to  build  a  railroad 
to  it.      There  are  a  number  of  parched  hills  on  the  north  side  of 
tW     JSouth  Raccoon  between  here  and  Dale  City  that  probably 
coat;«i.in  gravel. 

Stone. 

Sxxi  table  material  for  building  purposes  is  to  be  had  from  the 

^ssc:>tiri,  in  Guthrie  county.    Strata  belonging  to  this  stage  are 

^^^"^rn  to  be  present  over  about  one-third  of  Beaver  township 

^^^     to  occupy  essentially  the  whole  of  Penn  in  the  southeast 

^^^^^^^T  of  the  county.    This  stage  is  represented  by  the  Frag- 

^^^^tsl  and  Earlham  limestones  of  the  Bethany  and  by  a  portion 

tti^  Winter  set  section.    Those  rocks  appear  along  the  lower 

^^^ion  of  Beaver  creek,  Deer  creek,  Long  Branch  and  South 
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Eaccoon  river,  in  ledges  varying  from  six  to  twenty-four  inches 
in  thickness  and  separated  by  shaly  or  clayey  partings.  The 
following  typical  section,  taken  from  the  Geology  of  Madison 
County*  will  serve  to  show  the  nature  and  succession  of  the 
beds.  It  is  taken  from  along  Deer  creek,  section  19,  Penn  town- 
ship. Good  exposures  are  lacking  as  the  stone  has  not  been 
quarried  extensively  at  any  point. 

FEET. 

5.  Limestone,  coarse,  gray ;  with  Fusulina  similar  to  that  occur- 
ring at  Winterset 2 

4.    Shales,  exposed  only  in  part 8 

3.  Earlham  limestone,  ash-gray,  with  conchoidal  fracture,  in 
layers  two  to  ten  inches  thick,  separated  by  shale  partings    12 

2.     Shale,  gray,  argillaceous,  becoming  bituminous  and  slaty 

at  the  top    10 

1.  Limestone,  fragmental,  made  up  of  irregular  bits  of  lime- 
rock  filled  in  with  calcareous  clay.  In  places  the  rock 
can  be  picked  to  pieces  with  the  fingers;  elsewhere  it 
hardens  up  into  massive  layers  two  feet  in  thickness 10 

The  lowest  member  of  this  section  rests  on  sandy  shales  which 
form  the  top  of  the  Des  Moines  stage.  Ten  to  thirty  feet  of 
loess  and  drift  overlie  the  exposures  along  Deer  creek,  and 
wherever  the  beds  appear  along  the  other  streams  mentioned 
they  are  also  invariably  buried  beneath  a  heavy  mantle  of  the 
same  material. 

The  Des  Moines  strata  furnish  some  sandstone  and  limestone 
that  are  found  of  service  locally  in  the  eastern  part  of  Guthrie 
county.  A  gray  sandstone  belonging  to  the  Coal  Measures  has 
been  quarried  on  a  small  scale  at  Panora.  The  usable  beds  of 
this  stage  are  thin  and  so  associated  with  argillaceous  strata 
that  they  are  very  seldom  worked  for  building  stone  alone. 

Suitable  materials  for  building  purposes  are  to  be  had  from 
the  Cretaceous  strata,  which  supply  unlimited  quantities  of 
sandstone  and  which  are  available  over  the  western  two-thirds 
of  the  county.  These  are,  however,  fit  for  local  rough  work  only, 
as  they  are  in  general  but  partially  consolidated  and  will  endure 
neither  much  handling  nor  shaping.  The  sandstone  has  been 
quarried  on  a  small  scale  at  many  points  in  the  county,  particu- 
larly along  the  Raccoon  and  its  branches  in  the  vicinity  of  Glen- 

•J.   L.  Tllton  and  H.  F.  Bain.  Iowa  Geological  Survey,  Vol.  VII.   p,   448. 
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don,  in  Beaver  township.  Both  the  conglomerate  and  sandstone 
are  quite  commonly  employed  in  foundations  for  farm  buildings. 
The  sandstones  are,  as  a  rule,  not  of  suitable  quality  for  road 
and  concrete  materials. 

HAMILTON  COUNTY. 
Sand  and  Gravel. 

The  sand  and  gravel  deposits  of  Hamilton  county  are  to  be 
found  in  the  kames  and  eskers  of  the  Wisconsin  drift  and  as  ter- 
races and  bars  along  the  principal  streams. 

Wisconsin  Drift  Gravels. — Hamilton  county  lies  wholly  within 
the  Wisconsin  drift  area.  The  general  surface  is  the  typical 
prairie  plain  and  is  but  slightly  stream  dissected.  Chains  of 
hillocks  abound  in  various  portions  of  the  county,  e.  g.,  in  and 
around  Jewell  Junction.  Many  of  these  hills  are  gravel  bearing, 
and  have  been  opened  for  road  and  concrete  materials.  One 
and  one-half  miles  southeast  of  Kamrar,  in  the  northwest  quar- 
ter of  section  1,  Hamilton  township,  is  a  kame  about  forty  feet 
high  and  covering  some  two  acres.  This  kame  exhibits  three  to 
five  feet  of  fine  to  coarse  gravel  with  sand  and  bowlders  under 
twelve  to  fifteen  feet  of  soil,  sand,  silt  and  clay.  All  of  the  beds 
are  variable  in  thickness,  position  and  extent.  This  opening  is 
a  fair  illustration  of  the  gravels  of  this  type  which  may  be  found 
in  similar  positions  throughout  the  county. 

Terraces. — Between  the  brick  and  tile  works  and  the  pumping 
station  in  Webster  City  is  a  pit  in  the  Boone  river  terrace.  In 
this  pit  are  exposed  some  ten  or  eleven  feet  of  sand  and  gravel 
with  thin  horizontal  layers  of  blue  shale  and  yellow  clay. 
Benches  are  to  be  seen  along  the  courses  of  both  Boone  and 
Skunk  rivers,  but  they  are  not  continuous  and  are  of  limited 
extent. 

Other  River  Gravels. — Along  Boone  river  south  of  Webster 
City  is  a  large  deposit.  Northwest  of  town  there  are  bars  in 
both  the  old  and  present  channels  of  the  stream,  but  these  rarely 
exceed  one  acre  in  extent.    Gravel  has  been  shipped  from  here. 


308  ROAD  AND  CONCRETE  MATERIALS  IN  IOWA 

On  the  flood  plain  of  Boone  river  northwest  of  Webster  City, 
Mr.  Wilke  has  opened  a  bed  showing  cross-bedded  sand  and 
gravel  under  one  or  two  feet  of  soil.  Sand  is  also  found  along 
Skunk  river  near  Eaiidall. 

Stone. 

The  Saint  Louis  limestone  comprises  the  only  available  beds 
in  the  county  which  are  sufficiently  indurated  to  be  used  for 
structural  purposes.  On  account  of  the  distribution  of  the  Coal 
Measures  over  almost  the  entire  county  and  the  great  thickness 
of  the  drift,  exposures  are  limited  to  the  vicinity  of  Boone  river 
and  its  immediate  tributaries  from  a  short  distance  above  Web- 
ster City,  to  section  31  in  Independence  township.  Along  a 
small  creek  whiah  flows  into  Boone  river  just  below  the  mill  in 
Webster  City,  a  quarry  has  been  opened  and  operated  more  or 
less  continuously  for  a  number  of  years.  The  section  which  can 
be  made  out  is  as  follows : 

SW ANSON  QUARRY 

FEET. 

5.    Loam  and  drift    2+ 

4.    Sandstone,  clayey,  fissile,  ash-gray  in  color   2 

3.    Limestone,    impure,    thinly    bedded,    much    weathered,    in 
places  altered  to  a  calcareous,  arenaceous  clay 4 

2.    Limestone   in   fairly  heavy   beds,   with   occasional   quartz 

geodes 4-54- 

1.    Sandstone,  light  colored,  somewhat  friable  but  in  places 

hard  enough  to  be  used  for  structural  purposes,  exposed . .       4 

Number  2  constitutes  the  principal  quarry  rock,  and  was  for- 
merly much  used  locally,  and  is  practically  the  only  native  stone 
available  for  structural  purposes.  It  is  fairly  pure  limestone, 
of  fine,  even  texture,  varying  from  a  gray  to  a  yellowish  buff. 
It  shatters  when  subjected  to  changes  of  temperature  when  wet, 
but  gives  good  service  when  put  in  the  wall  dry.  The  upper 
members  exposed  are  rather  inconstant  and  in  places  are  absent, 
the  drift  here  resting  directly  on  number  2. 

While  similar  sections  are  exposed  both  up  and  down  the 
river  from  the  Swanson  quarry,  the  excessive  overburden,  the 
small  thickness  and  the  indifferent  quality  of  the  beds  make 
quarrying  on  a  commercial  scale  impossible. 
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The  phase  of  the  Saint  Louis  exposed  in  Hamilton  county 
closely  resembles  its  development  in  Story  count)*  and  probably 
represents  the  Verdi  substage,  which  is  typically  exposed  from 
Marion  to  Washington  counties. 

• 

HANCOCK  COUNTY. 
Sand  and  Gravel. 

Hancock  county  is  abundantly  supplied  with  sand  and  gravel. 
The  county  lies  entirely  within  the  area  of  the  Wisconsin  drift. 
The  gravels  occur  as  stream  terraces,  the  materials  of  which 
were  deposited  by  the  waters  from  the  melting  glacier,  and  as 
pockets  within  the  hills  of  drift  themselves.  Sand  beds  and 
bars  occur  in  small  amount  in  the  streams,  but  are  of  little 
economic  importance. 

Stream  Terraces. — Gravel  terraces  are  present  along  both 
branches  of  Iowa  river,  except  in  the  upper  courses.  Above 
Gamer  no  terrace  is  evident  along  the  East  Branch,  but  the 
wide  bottoms  of  the  stream  consist  largely  of  sand  and  gravel. 

An  indistinct  terrace  about  twenty  feet  above  water  occurs 
along  East  Branch  in  the  northern  part  of  section  12,  German 
township.  There  are  no  actual  openings  in  this  bench,  but  a 
small  pit  in  the  northeastern  part  of  section  11,  along  a  tribu- 
tary of  the  East  Branch  shows : 

FEET. 

Pebbly   aoU    2 

Grayel,  mostly  less  than  one  inch  in  diameter;  large  percentage 
of  lime  pebbles;  little  iron-stained,  and  contains  coarse 
sand 3 

Sand,  exposed  4 

The  town  of  Klemme  is  supplied  from  a  pit  in  the  southern 
part  of  section  35,  German  township.  There  are  at  least  ten 
feet  of  gravel  under  about  two  feet  of  alluvium  here.  One  pe- 
culiarity of  this  pit  is  the  bedding,  which  is  unusually  persistent 
and  distinct.  The  terrace  in  which  this  pit  occurs  has  an  area 
of  perhaps  ten  acres.  In  sections  9,  20  and  29  of  Avery  town- 
ship, the  terrace  has  been  extensively  developed.  Some  of  the 
remnants  are  as  much  as  forty  and  fifty  acres  in  extent,  and 
the  width  is  conoimonly  400  or  500  feet.    There  are  few  if  any 
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* 

good  exposures;  perhaps  the  best  one  is  in  the  southwesteni 
part  of  the  last  named  section.  Here  twelve  or  fifteen  feet  of 
sand  and  gravel  are  exposed.  The  town  of  Goodell  obtains  its 
supply  from  this  pit. 

The  West  Branch  of  the  Iowa  is  similar  to  the  East  Branch 
in  all  of  the  essentials  and  most  of  the  details.  A  twenty-foot 
terrace  appears  in  the  southern  part  of  section  28,  T^yin  Lake 
township.  This  seems  to  be  composed  largely  of  fine  gravel  rich 
in  limestone  pebbles.  From  this  place  to  the  county  line  the 
terrace  is  not  so  well  developed  as  on  the  East  Branch,  but  is 
found  in  various  places.  A  notable  example  is  in  the  western 
part  of  section  35,  Twin  Lake  township.  A  mixture  of  sand  and 
fine  gravel  similar  to  that  found  in  the  East  Branch  has  been 
taken  from  the  channel. 

Gravel  deposits  are  also  to  be  found  intermittently  along  the 
course  of  Lime  creek.  The  Eock  Island  Railway  Company  has 
removed  large  quantities  of  it  from  a  point  about  two  miles 
south  of  Forest  City.  In  section  1  of  Madison  township  gravel  is 
taken  from  a  terrace  along  the  creek  and  is  used  in  the  manufac- 
ture of  cement  tile.  Some  of  this  material  has  been  used  on  the 
roads  in  the  vicinity.  A  pit  in  the  next  section  south  shows  fine 
gravel  containing  a  high  percentage  of  limestone  pebbles.  The 
depth  of  the  cover  does  not  exceed  two  feet.  Along  the  creek  in 
Ellington  township  a  terrace  about  eighteen  feet  above  water 
may  be  seen  in  several  places.  In  section  16  at  least  six  feet  of 
sand  and  gravel  are  inter-  and  cross-bedded.  The  deposit  is 
clean,  and  some  of  the  material  has  been  used  in  concrete  and 
cement  work.  In  the  eastern  part  of  section  23  the  terrace  is 
about  a  quarter  of  a  mile  wide. 

Karnes. — Kames  are  particularly  abundant  in  the  northeast- 
em  part  of  the  county.  There  is  a  large  one  in  section  27  ©f 
Ellington  township,  in  which  the  gravel  is  rather  dirty.  In 
sections  9,  10  and  11  of  Madison  township  is  a  series  of  kames, 
the  material  from  which  has  been  used  on  the  roads  with  satis- 
factory results. 
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HARDIN  COUNTY. 
Sand  and  Gbavel. 

The  sand  and  gravel  deposits  of  Hardin  county  that  are  of 
any  economic  importance  are  all  of  Wisconsin  age  and  include 
stream  terraces  and  deposits  of  water-laid  materials  in  the  drift 
hills.  Buchanan  gravels  are  known  to  be  present,  but  available 
outcrops  are  so  few  as  to  be  commercially  unimportant. 

Stream  Terraces, — All  of  the  principal  streams  of  the  county 
flow  from  the  Wisconsin  drift  plain,  and  all  exhibit  one  or  more 
series  of  gravel  terraces.  The  greatest  of  the  gravel  trains  is 
genetically  related  to  and  has  its  source  at  the  Gary  moraine. 
This  terrace  is  best  seen  in  the  vicinity  of  Gifford,  along  both 
the  South  Fork  and  the  Iowa  proper.  The  bench  along  South' 
Fork  rises  from  twenty  feet  at  Gifford  to  nearly  thirty  to  the 
westward  above  the  flood  plain  of  the  present  stream.  The 
gravels  are  coarsest  above  and  show  more  or  less  evident  but 
interrupted  stratification  planes  throughout.  The  bedding  is  at 
all  conceivable  angles.  The  gravels  vary  from  fifteen  to  twenty 
feet  in  thickness  and  rest  upon  a  basement  of  bowlder  clay,  the 
top  of  which  rises  from  five  to  twenty  feet  above  low  water  level. 
On  the  Iowa  proper  the  materials  are  much  coarser,  indicating  a 
higher  gradient,  but  the  bench  is  much  narrower  and  more  frag- 
mentary on  account  of  the  gorgelike  character  of  the  valley. 
Steamboat  Rock  is  built  principally  upon  this  bench,  which  is 
fifty  feet  above  the  flood  plain.  Terraces  referable  to  this  sys- 
tem may  be  found  along  the  two  leading  tributaries  of  South 
Fork,  and  also  along  Honey  creek.  Below  the  junction  of  South 
Fork  with  the  Iowa  the  Gary  terrace  continues  but  fades  out 
toward  the  Marshall  county  line. 

Fragmentary  terraces  above  the  Gary  are  present  along  the 
Iowa,  but  are  of  little  importance.  A  terrace  below  the  Gary 
may  be  noted  along  Iowa  river.  South  Fork  and  Tipton  creeks, 
in  which  the  streams  of  today  are  engaged  in  cutting.  It  rises 
from  five  to  fifteen  feet  above  the  present  flood  plain.  The 
Iowa  Central  railway  has  sought  it  out  for  a  roadbed  below 
Steamboat  Rock. 
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These  terraces  have  been  utilized  as  sources  of  sand  and 
gravel  in  many  places.  At  Giflford  and  vicinity  both  the  Chi- 
cago &  North  Western  and  the  Minneapolis  &  St.  Louis  Bail- 
ways  operate  pits,  and  private  pits  are  also  being  developed. 
From  twenty  to  twenty-seven  feet  of  gravels  are  available.  The 
material  is  comparatively  free  from  clay,  silt  and  other  impuri- 
ties, but  runs  rather  low  in  gravel.  The  material  in  the  rdl- 
road  pits  is  handled  with  steam  shovels,  and  the  smaller  pits 
load  by  hand  into  wagons  and  thence  into  cars. 

Mqrainal  Gravels. — A  large  part  of  the  surface  of  Hardin 
county  was  overrun  by  the  Wisconsin  ice,  the  Altamont  moraine 
crossing  the  county  from  Providence  to  Aetna  townships.  West 
of  the  Altamont,  at  least  two  recessional  moraines  may  be  made 
out  within  the  limits  of  the  county,  marking  temporary  halts  in 
the  retreat  of  the  ice.  Many  of  the  morainal  hills  contain  gravel 
and  sand  as  cappings  upon  or  pockets  within  the  drift,  the  lat- 
ter being  widely  variable  both  in  quantity  and  quality. 

Aside  from  the  moraines  numerous  sand  and  bowlder  knobs 
rise  above  the  general  level  and  tend  to  break  the  monotony  of 
the  drift  plain.  These  prominences  are  most  numerous  in  the 
immediate  vicinity  of  the  morainal  tracts,  but  are  widely  dis- 
tributed over  the  intramorainal  areas.  In  certain  instances  the 
constituent  sands  and  gravels  show  stratification  planes  evi- 
dently due  to  running  water.  One  of  the  most  conspicuous 
groups  of  these  hills  may  be  observed  south  of  School  creek  in 
sections  15  and  16  in  Hardin  township. 

Reworked  Materials, — ^AU  of  the  streams  furnish  an  abun- 
dance of  sand,  either  in  their  terraces  or  in  their  channels,  suit- 
able for  building  purposes. 

Buchanan  Gravels. — Deposits  referable  to  the  Buchanan  are 
present  but  not  conspicuous.  In  the  loess-Kansas  area,  which 
includes  all  of  Union,  most  of  Eldora  and  parts  of  Providence 
and  Clay  townships,  the  loess  is  usually  separated  from  the  drift 
by  a  more  or  less  constant  gravel  layer.  This  deposit  is  usually 
rather  deeply  buried  and  is  not  readily  available  as  a  source  of 
supply. 
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While  the  Kinderliook  beds  are  supposed  to  comprise  the 
country  rock  over  a  considerable  portion  of  the  surface  in  Har- 
din county,  good  exposures  are  confined  to  the  immediate  vicinity 
of  Iowa  river  from  Gifford  south  to  the  county  line,  and  from 
Eagle  City  to  Alden.  Quarries  have  been  opened  at  several 
points,  notably  at  Gifford,  Eagle  City,  Iowa  Falls  and  Alden. 
Only  those  at  the  two  latter  places  are,  or  promise  to  be,  of  more 
than  local  importance.  The  beds  exposed  exhibit  two  well 
marked  facies;  an  upper  brown,  earthy  to  sugary  dolomite,  and 
a  lower  white  to  gray  limestone.  The  latter  often  contains  layers 
semioolitic  in  character  above  and  argillaceous  to  arenaceous 
below.  At  Iowa  Falls  there  appears  to  be  a  decided  arching  up 
of  the  strata  and  a  maximum  section  of  eighty  feet  is  exposed  In 
the  river  gorge.  The  limestone  beds  are  known  to  rest  od  shales 
or  arenaceous  shales  believed  to  be  continuous  with  those  which 
ontcrop  along  Mississippi  river  at  Burlington  and  which  under- 
lie the  limestone  series  in  Marshall  county.  The  section  exposed 
along  the  river  and  along  Rocky  run,  its  leading  tributary,  at 
Iowa  Palls,  is  given  below  and  comprises  one  of  the  most  im- 
portant Kinderhook  sections  in  central  Iowa. 
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IOWA  FALLS  SECTION. 

FEET. 

6.  Drift,  reduced  to  a  heterogeneous  mixture  of  bowlders  and 
fragments  of  country  rock  at  the  face  of  the  escarpment 
but  thickening  greatly  in  the  bluffs.  Considerable  areas 
are  practically  without  a  drift  covering 0-80 

5.  Dolomite,  brown,  saccharoidal,    heavy-bedded    below,    but 

thinner  bedded  and  much  shattered  above;  often  exhibits 
an  earthy  fracture  when  weathered.     Numerous  casts  of 
StrtiDparolliis  obtusus  present  in  places 20-30 

4.  Limestone,  light  gray,  composed  largely  of  shell  breccia  and 

containing  a  brachiopod  fauna;  has  a  mealy  appearance, 
but  on  close  inspection  is  found  to  be  but  slightly  oolitic. .       5 

3.  Limestone,  gray-brown,  is  finer  textured,  more  compact  and 

evenly  bedded  than  the  above 3 

2.  Limestone,  light  gray;  weathers  white  and  so  appears  in  the 

gorge  walls,  exhibits  a  concholdal  fracture  and  is  heavy- 
bedded   5 

1.  Limestone,  shaly  to  slightly  arenaceous  in  certain  layers,  in 

places  forms  a  slight  reentrant  in  the  cliff  walls;  exposed 
above  the  water  level   5-10 

The  most  important  quarries  are  situated  east  of  town  on  the 
river.  The  Ellsworth  Stone  Company  is  operating  a  quarry  on 
the  northeast  side  of  the  river,  which  was  formerly  known  as  the 
Biggs  quarry.    The  sequence  of  beds  is  as  follows : 

THE  ELLSWORTH  STONE  COMPANY'S  QUARRY  SECTION. 

FEET. 

6.  Drift,  very  thin;  consists  chiefly  of  a  bowldery  gravel 0-3 

5.  Dolomite,  brownish  buff,  much  weathered  in  places  and  pre- 

sents an  arenaceous  or  earthy  fades 4 

4.  Limestone,  white,  oolitic,  fosslliferous. .  i 6 

3.  Limestone,  blue,  compact,  of  firm  texture  and  very  brittle. .      a 

2.  Limestone,  white,  lower  three  feet  very  compact  and  brittle; 

fracture  concholdal  to  uneven,  contains  numerous  blebs  of 

crystalline  calcite;   almost  lithographic  in  texture 5 

1.  Limestone,  gray,  dolomltic,  very  slightly  arenaceous  to  argil- 
laceous, exposed  5 

The  usual  method  of  quarrying  is  to  drill  deep  holes  vertically 
nearly  parallel  to  the  face  of  the  cliflf,  and  then  to  use  heavy 
charges  of  explosives  to  shoot  loose  the  ledges.  An  ordinary 
churn  drill  is  used  with  a  traction  engine  for  power.  This  leads 
to  great  shattering,  and  scarcely  more  than  thirty  per  cent  of  the 
entire  section  can  be  used  for  dimension  stone.  A  large  propor- 
tion of  the  remainder  was  formerly  considered  to  be  waste  mate- 
rial and  was  thrown  into  the  river.  This  was  true  not  only  of  the 
quarries  here,  but  of  those  near  Alden.    At  the  present  time  a 
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large  crusher  of  the  Gates  type  has  been  installed  and  the  entire 
assemblage  of  beds  is  utilized.  In  fact,  dimension  stone  and 
rubble  stone  are  only  incidental  products  in  the  production  of 
the  various  grades  of  crushjed  stone. 

Southwest  of  the  Ellsworth  plant,  on  the  opposite  side  of  the 
river  where  it  turns  toward  the  east,  the  Barber  Asphalt  Com- 
pany has  opened  a  quarry  and  installed  a  modern  crusher  plant. 
The  beds  developed  are  similar  to  those  in  the  preceding  sec- 
tion, but  higher  in  the  series.  The  principal  part  of  the  section 
being  developed  at  the  present  time  consists  of  earthy  dolomite 
which  affords  an  inferior  grade  of  crushed  stone. 

West  of  Iowa  Falls  the  Lower  Carboniferous  rocks  are  much 
more  rifted  and  shattered  than  to  the  eastward,  and  the  lime- 
stone layers  become  subcrystalline  in  texture.  The  stone  takes 
a  good  polish,  possesses  a  pleasing  color,  and  if  large  blocks 
could  be  t)btained,  the  rock  would  possess  great  value  for  orna- 
mental and  structural  purposes.  Unfortunate  it  is  that  the  same 
agency  which  produced  the  partially  crystalline  structure,  so 
essential  in  marbles,  was  also  responsible  for  the  shattering  and 
rifting  of  the  beds.  In  fact  the  marbleization  was  rather  a  re- 
sult of  the  rough  usage  to  which  the  beds  were  subjected.  The 
beds  continue  shattered  and  subcrystalline  in  texture  to  the  point 
of  their  disappearance  beneath  the  drift  at  Alden.  Formerly  the 
Ivanhoe  Quarry  Company  put  in  a  steam  crusher  and  operated 
quite  extensively  near  the  Chicago  and  North  Western  railway 
tracks  on  section  16,  in  Hardin  township.  The  building  contain- 
ing the  machinery  burned  down,  and  the  plant  has  long  since 
been  dismantled  and  abandoned.  The  beds  exposed  at  this  point 
are  as  follows. 

IVANHOE  SECTION. 

FEET. 

3.     Drift  (of  great  depth  in  the  bluff) 0-3 

2.     Limestone,   grayish   white,   suibcrystalline,   very   hard   and 

much  shattered;    thinly  bedded 20 

Apparently  a  local  unconformity. 

1.  Limestone,  much  disintegrated  and  cavernous.  In  places  a 
residual  clay  appears  between  1  and  2.  Surface  very 
uneven,  exposed  6 

Westward  from  the  Ivanhoe  quarries  to  Alden  the  river  flows 
between  low  limestone  walls  varying  from  ten  to  thirty  feet  in 
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height.  These  limestone  barriers  are  almost  cut  out  in  one  or 
two  places  by  Coal  Measure  outliers.  In  Alden  the  beds  greatly 
resemble  a  portion  of  the  Ivanhoe  section.  The  beds  are  as  fol- 
lows: 

AL.DEN  SECTION. 

FEET. 

3.  Drift,  as  in  previous  sections,  is  thin  at  the  face  of  the 

scarp;  a  numiher  of  large  granitic  bowlders  were  noted. . .      3 

2.  Limestone  more  or  less  evenly  bedded,  appears  to  be  litholog- 

ically  the  same  as  No.  1;  a  marly  or  shaly  band  separates 
1  and  2  generally 12 

1.  Limestone,  light  gray,  hard,  subcrystalline  and  o51itic  in 

texture.  The  lower  four  feet  show  marked  croB&'bedding; 
false  beds  dip  to  the  southwest;  the  upper  surface  is  some- 
what undulating  and  dips  gently  to  the  south 5 

Here,  as  in  the  preceding  exposures,  the  beds  are  much  rifted 
and  shattered.  Individual  layers  rarely  exceed  four  or  five 
inches  in  thickness,  and  two  well  developed  series  of  fissures  are 
visible.  The  fissures  of  the  major  series  trend  north  and  south 
and  are  apparently  parallel  to  the  corrugations,  while  thoso  of 
the  minor  series  stand  approximately  at  right  angles  to  the 
foJds.  Genetically  the  two  series  probably  form  but  one  great 
system  and  were  formed  at  the  time  of  rock  crushing. 

North  of  Alden,  the  indurated  rocks  dip  rapidly  and  were  not 
observed  beyond  the  corporate  limits  of  the  town. 

Eastward  of  the  Falls  limestone  ledges  are  more  or  less  con- 
tinually present  to  Eagle  City  where  the  following  section  is 
exposed : 

FEET. 

5.     Drift,   exposed    , 5-10 

4.  Dolomite,  yellowish  brown,  much  shattered  where  viewed; 

contains  a  few  siliceous  nodules 10-25 

3.  Limestone,   gray,   subcrystalline   and   semloolitic 1^ 

2.  Dolomite,  yellow  to  gray,   sugary 3 

1.  Limestone,  gray,  oolitic;  very  similar  to  the  Bedford  oolite 
in  texture,  and  also  to  the  o51ite  exposed  at  Conrad,  in 
Grundy  county   4 

The  base  of  the  section  is  about  five  feet  above  low  water  in 
the  river.  These  indurated  beds  support  a  bench  which  rises 
forty  or  fifty  feet  above  water  level  and  continues  some  distance 
on  either  side  of  the  wagon  bridge.  Beyond  Eagle  City  the  beds 
disappear  rapidly  and  the  surface  outcrops  of  the  Kinderhook 
beds  are  almost  entirely  obscured  by  glacial  debris  and  Coal 
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Measure  talus.  At  Hardin  City,  Steamboat  Bock  and  one  or 
two  points  between,  No.  4  of  the  Eagle  City  section  is  visible  and 
rises  some  six  or  eight  feet  above  the  water  level.  In  all  cases 
it  is  greatly  weathered  and  shattered,  making  its  identity  diffi- 
cult to  establish.  Between  Steamboat  Bock  and  Eldora,  the  Low- 
er Carboniferous  passes  entirely  below  the  stream  channel,  but 
rises  again  immediately  south  of  the  wagon  road  bridge  at 
Eldora.  Going  down  stream  from  the  Eldora  bridge  a  weathered 
dolomite  appears  in  the  stream-bed  and  also  in  the  right  bank 
about  sixty  rods  below  the  road  crossing.  The  ledges  rise  eight 
feet  above  the  water  and  appear  to  be  identical,  both  litholog- 
ically  and  f aunally,  with  the  upper  member  at  Iowa  Falls.  These 
beds  appear  more  or  less  interruptedly  from  this  point  to 
Union,  forming  low  benches  on  one  or  both  sides  of  the  river. 
At  Xenia,  and  again  between  Gifford  and  Union,  the  white  lime- 
stone member  is  visible.  The  maximum  exposure  is  south  of 
Gifford,  near  a  small  stream  which  enters  the  Iowa  from  the 
west.    The  beds  exposed  to  view  are : 

TEJVI. 

4.    Drift  and  wash 0-3 

3.    Limestone,  light  gray;   white  when  weathered 0-3 

2.    Dolomite,  yellowish  brown,  much  shattered  and  unevenly 

bedded   6-8 

1.    Dolomite,  red-brown,  heavy  but  unevenly  bedded,  exposed . .    4-6 

Numbers  1  and  2  are,  in  a  sense,  complementary.  "Where  one 
thins  the  other  thickens  and  the  two  aggregate  twelve  feet  ex- 
posed. Not  the  slightest  trace  of  organic  remains  could  be  found. 
Southward  and  southeastward  the  beds  are  cut  out  within  100 
yards  by  the  Coal  Measure  shales  only  to  come  into  view  again 
a  quarter  of  a  mile  down  the  branch  on  the  terrace  of  the  Iowa. 
Beyond  Union  the  Kinderhook  beds  are  carried  below  the  river, 
but  reappear  west  of  Liscomb  in  Marshall  county. 

In  Hardin  county  the  Coal  Measures  are  represented  by  an 
tipper  heavy-bedded,  ferruginous  sandstone  which  often  presents 
conglomeratic  to  concretionary  facies  and  is  cross-bedded 
throughout ;  and  by  a  lower  shale  which  carries  some  coal  and 
often  contains  highly  calcareous,  fossiliferous  ledges.  The  main 
body  of  the  sandstone  is  dissected  by  Iowa  river,  which  forms 
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a  gorge  extending  from  Xenia  to  Steamboat  Rock.  The  sand- 
stone reaches  its  maximum  development  in  the  vicinity  of  Eldora 
where  it  attains  a  thickness  of  eighty  feet.  The  Eldora  section 
is  as  follows: 

ELDORA  SECTION.         ,  

FEET. 

7.    Drift   (on  the  face  of  the  scarp) 0-3 

6.  Sandstone,  weathered  and  shattered;  ferruginous,  conglom- 
eratic and  concretionary ;  quartz  pebbles  ranging  up  to  a 
third  of  an  inch  are  common.  False  bedded  through- 
out; some  fossil  wood  fragments  present 40 

5.  Sandstone,  heavy^bedded 10 

4.  Talus  slope 20 

3.  Shale,  carbonhceous 1 

2.  Shale,  light  colored  above  and  variegated  below 20 

1.    Kinderhook  limestone  (top  about  ten  feet  above  the  water 

level)    6 

The  Eldora  sandstone  has  been  used  to  a  certain  extent  in  the 
foundations  of  numerous  structures  in  and  about  Steamboat 
Rock,  Eldora  and  Xenia,  but  at  the  present  time  none  of  the 
quarries  are  operated,  save  intermittently  and  then  only  on  a 
small  scale.  The  stone  is  extremely  variable  in  texture,  struc- 
ture, and  state  of  induration,  and  these  factors,  taken  with  its 
dark  red-brown  to  yellow-brown  color,  make  it  certain  that  it 
never  will  be  popular  as  a  structural  material.  Vast  quantities 
are  available  and  easily  accessible,  and  when  the  stone  is  care- 
fully selected  it  gives  good  service  in  the  less  imposing  struc- 
tures. Its  use  might  be  safely  and  profitably  extended  in  back- 
ing walls  faced  with  more  expensive  materials. 

HARRISON  COUNTY. 
Sand  and  Gravel. 

There  are  few  counties  in  the  state  which  equal  Harrison  and 
Monona  in  the  quality  and  abundance  of  road  materials.  The 
coarser  gravels  and  the  impure  beds  of  the  Aftonian,  in  which 
silt,  sand  and  gravel  are  mingled,  are  admirably  adapted  to 
such  uses,  and  their  wide  distribution  makes  them  available  in 
all  the  territory  within  or  adjacent  to  the  uplands.  The  loess 
bluffs  and  hills,  together  with  the  belts  of  exposed  Kansan, 
furnish  an  abundance  of  material  for  building  up  roads  across 
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the  lowlands,  and  the  sand  and  gravel  may  be  used  for  a  top 

dressing. 

Aftonian  Gravels. — In  order  that  the  occurrence  and  general 
features  of  the  Aftonian  gravels  may  be  understood,  a  general 
section  of  the  surficial  deposits  of  the  county  may  well  be  in- 
corporated here.  Professor  Shimek*,  in  his  report  on  Harri- 
son and  Monona  counties  in  1909,  gives  the  following  section 
as  typical  of  the  relations  existing  between  the  various  forma- 
tions composing  the  Quaternary  system  in  these  counties : 

7.  A  yellow  loess,  light  in  both  color  and 'texture,  probably 
post-Wisconsin,  found  chiefly  on  the  bluffs  bordering 
the  .Missouri  valley  and  valleys  of  larger  tributaries. 
Usually  blends  more  or  less  with  (6). 

6.  A  yellow,  rather  heavy  loess,  probably  post-Iowan,  blending 
with  (7),  but  sharply  defined  from   (5). 

5.    A  bluish  gray,  compact,  post-Kansan  loess. 

4.  The  Loveland,  a  heavy  Joint  clay,  usually  reddish,  evidently 
closely  associated  with  the  close  of  the  Kansan,  reaching 
a  thickness  of  at  least  40  feet. 

3^.    Kansan  drift,  very  variable  in  thickness. 

2.    Aftonian  gravel,  sand  and  silt,  up  to  40  feet  in  thickness. 

1.  Nebraskan  drift  (pre-Kansan)  which  is  not  fully  revealed 
in  sections,  being  largely  buried  under  other  deposits. 

In  structure  and  composition  the  Aftonian  of  this  region 
varies  within  well  defined  limits.  It  consists  of  gravel,  sand 
and  fine  silt,  variously  interbedded  and  cross-bedded,  and  evi- 
dently deposited  by  currents  of  different  velocities. 

The  gravel  and  sand  are  variously  disposed.  Sometimes  the 
gravel  is  at  the  very  base  of  the  deposit,  as  in  the  Peckenpaugh 
section;  again  it  forms  the  uppermost  part,  as  in  a  portion  of 
the  county  line  exposure ;  or  it  is  intermediate  between  beds  of 
sand,  as  in  the  Cox  pit;  or  it  is  irregularly  interbedded  with 
sand,  as  in  parts  of  the  county  line  exposure,  Peyton  pit,  etc. 

In  several  sections  fine  sand  Only  was  exposed,  but  as  the 
sections  were  not  complete  it  is  probable  that  gravel  occurs  in 
the  deeper  parts.  Both  sands  and  gravels  vary  in  coarseness 
and  in  degree  of  intermixing.  The  gravel  beds  commonly  contain 
pebbles  and  bowlders  up  to  four  inches  in  diameter ;  and  rarely 
very  large  bowlders  of  Sioux  quartzite  or  granite  occur.    The 

•Iowa  Geological   Survey.  Volume   XX,   p.    273. 
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sand  and  finer  gravel  frequently  interbed  and  cross-bed  and 
the  wedges  and  strata  of  sand  are  often  sharply  set  oflF  by  linea 
of  fine  gravel.  The  wedges  and  strata  are  of  all  degrees  of 
coarseness,  and  vary  in  color.  Beds  of  almost  pure  white  sanct 
occur,  as  in  the  Cox  or  Peyton  pits ;  or  the  gravel  and  sand  are 
stained  with  iron  oxide,  the  stain  sometimes  permeating  the 
entire  wedge  or  stratum,  or  merely  marking  its  limits  with  a 
more  or  less  distinct  line ;  or  there  is  a  similar  black  discolora- 
tion due  to  manganese  dioxide  (Mn02)  which  occurs  uniformly 
in  greater  or  lesser  quantity  in  all  the  sections  examined.  Some 
variation  in  color  is- also  due  to  the  different  materials  which 
compose  the  sand  and  gravel.  Dark  colored  pebbles  and  bowl- 
ders, such  as  occur  in  both  the  Nebraskan  and  Kansan  drifts^ 
are  common,  but  there  is  a  preponderance  of  rather  light  col- 
ored materials. 

The  finer  sands  contain  rather  small,  very  soft,  chalky,  pure 
white,  usually  rounded  calcareous  nodules;  and  calcareous 
nodular  plates  usually  two  -  to  four  inches  in  thickness  fre- 
quently separate  the  Aftonian  from  the  Kansan. 

Occasionally  more  or  less  cylindrical  masses  of  silt  or  sand 
penetrate  the  gravel  beds  irregularly  in  the  upper  portions 
of  the  formation.  These  were  evidently  formed  by  silt  and 
sand  being  carried  down  by  water  into  cavities  formed  upon 
the  decay  of  roots  and  plants.  They  appear  in  cross  section 
as  round  spots. 

The  following  series  of  descriptions  of  various  openings  is 
taken  from  Shimek's  report.  The  system  of  numbering  is 
purely  arbitrary,  and  in  its  entirety  covers  both  Harrison  and 
Monona  counties.  Classified  by  townships  in  Harrison  county, 
the  descriptions  here  listed  are: 

St.   Johns    No.  1, 17 

Washington    18 

Jefferson   2 

Raglan  3 

Boyer  20 

Douglas   1^ 

Jackson 6, 7 

Little  Sioux   4,  5.  21 
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1.  Cox  Pit. — On  Beyer  bluffs  in  northeast  24,  St.  Johns, 
two  miles  southeast  from  Missouri  Valley.  Pit  shows  the  fol- 
lowing section: 

VEET. 

1.  Aftonion: 

Sand,  varying  In  coarseness,  beautifully  croBs-<bedded. ..  21 

Gravel,  light  colored,  cross-bedded,  with  small  bowlders. .  6-8 

Gravel,  dark  colored,  much  MnOz 6-8 

Pine  bluish  silt % 

White  sand,  penetrated  5 

About  thirty-three  rods  east  of  the  pit,  at  Mr.  P.  E.  Cox's 
house,  and  about  one  hundred  feet  above  the  valley,  a  well 
section  showed  forty  feet  of  yellow  clay  and  blue  joint  clay, 
below  which  a  great  bed  of  sand  and  gravel  was  penetrated  to 
a  depth  of  eighty-seven  feet.  Just  south  of  the  road  and  south 
of  the  Cox  pit  on  the  same  slope  is  the  abandoned  Diehl  pit. 

2.  Peckenpcmgh  Sections. — Located  on  the*  east  side  of 
Boyer  river  near  the  mill  dam,  Logan.     The  section  shows: 

FEET. 

4.    Loess  and  soil  20 

?.    Loveland,  reddish,  somewhat  sandy 6 

2.  Aftonlan: 

Sand,  cross-bedded 7 

Coarse  ferruginous  gravel 2 

1.  Missouri  limestone,  exposed 4 

A  well  located  just  opposite  the  dam  showed  approximately 
the  same  section.  A  sand  pit,  excavated  at  the  level  of  the 
road  showed: 

FEET. 

2.  Aftonlan : 

Sand  and  fine  gravel 9-12 

Pine  silt,  about 1 

Coarse  ferruginous  gravel 1% 

1.    Missouri  limestone. 

3.  Mobinson  Pit. — ^Located  in  the  southwest  quarter  of  sec- 
tion 16,  Baglan  township.  Shows  typical  Af tonian  section  with 
Kansan  drift,  Loveland  joint  clay  and  loess  above.  The  Af- 
tonian  rises  to  a  height  of  forty  feet  above  the  valley  and  is 
sharply  separated  from  the  Kansan  by  an  oxidized  band  and 
by  large  nodular  calcareous  plates.  It  contains  very  little 
silt,  but  is  made  up  chiefly  of  sand  and  gravel  of  the  usual 
Aftonlan  type. 


• 
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4.  Wallace   Pit. — ^In   the.  bluffs   of   Little   Sioux-Missouri 

1  r 

valley  just  north  of  Sol.  Smith  lake  in  northwest  31,  Little 
Sioux.  Section  is  cut  into  the  edge  of  a  narrow  bench,  and 
shows  that  these  benches  are  not  ordinary  river  terraces  but 
exhibit  the  usual  structure  of  the  uplands.  It  faces  the  great 
valley  and  shows : 

4-3-2.    Loess,  Loveland  and  Kansan  tlU  respectively. 

1.  Aftonian,  exhibiting  two  distinct  phases: 

a.  Mixed  and  interstratified  sand  and  silt,  15  feet    Silt 

is  yellow,  and  sand  very  fine. 

b.  Fine  and  coarse  sand,  and  fine  gravel,  variously  inter- 

stratified and  cross-bedded,  containing  the  usual 
soft  calcareous  concretions  and  plates  of  sand  and 
iron  oxide.    Lower  part  covered  with  talus. 

About  sixty  yards  south  of  this  pit  Mr.  Wallace  opened 
another,  and  found  the  upper  Aftonian  sand  and  silt  layer 
reduced  to  about  one  foot,  and  below  a  bed  of  gravel  sixteen 
to  eighteen  feet  in  thickness. 

5.  County  Line  Exposure. — This  is  a  section  made  by  a  road 
cut  along  the  Little  Sioux  in  the  north  half  of  section  5,  Little 
Sioux,  less  than  one-half  mile  south  of  the  Monona-Harrison 
line.  The  road  here  is  about  twenty-five  feet  above  Little 
Sioux  and  parallel  to  it.  Three  cuts  appear  in  close  prox- 
imity, making  an  almost  continuous  section  more  than  500  feet 
in  length.    The  southmost  cut  is  the  best,  and  shows : 

FEET. 

5-4-3.    Loess,  Loveland  and  Kansan,  respectively. 

2.  Aftonian: 

Fine  whitish  silt,  at>out. 15 

Fine  silt,  mixed  with  sand,  shell-hearing 5 

Coarse  gravel,  very  ferruginous 7-10 

Fine  cross-bedded  sand  *. 6-12 

1.    Nebraskan  drift,  exposed  10 

The  Aftonian  is  more  or  less  variable  in  the  distribution  of  its 
materials.  In  some  parts  fine  silt  appears  above,  and  the  sand 
and  gravel  are  variously  disposed.  However,  they  show  the 
characteristic  structure  already  noted,  and  are  typical.  Large 
slabs  or  blocks  of  sand-conglomerate  are  found  in  the  sand 
beds.  At  no  point  do  all  of  the  several  parts  of  this  formation 
appear  together,  the  total  exposure  at  any  one  point  being 
about  twenty  feet. 
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6.  Peyton  Pit. — Located  in  northeast  23,  Jackson  township. 
The  Aftonian  here  rises  about  forty  feet  above  Soldier  river 
bottom,  but  with  beds  and  wedges  of  gravel,  and  presents  all 
the  characters  of  typical  Aftonian.  Near  the  base  of  the  sec- 
tion a  bed  of  white  sand  six  to  eight  feet  thick  appears,  and 
jnst  above  it,  in  sand  and  gravel,  a  Sioux  quartzite  bowlder 
measaring  4x2x1  V2  f^et  was  found.  Mr.  Peyton  reports  a  dark 
blue  clay  under  the  sand  and  gravel. 

7.  Sand  Pit  in  Northwest  26,  Jackson  Township. — This  is 
located  south  of  the  creek  and  east  of  the  wagon  road,  and  is 
only  a  few  feet  above  the  creek  bottoms.  Shows  two  or  three 
feet  of  typical  Kansan  lying  over  six  to  eight  feet  of  mixed 
sand  and  Kansan,  and  below  this  an  exposure  of  five  feet  of 
Aftonian  sand. 

IT.  McGavern  Pit. — Located  south  of  Missouri  Valley  in 
southeast  27,  St.  Johns,  on  a  rounded  point  formed  by  the  Mis- 
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souri  and  Boyer  valleys,  on  the  south  side  of  the  latter.  About 
eighteen  feet  are  exposed,  of  which  about  three  feet  in  the 
upper  portion  are  a  horizontal  bed  of  cross-bedded  sand  and 
gravel,  overlain  by  about  eight  feet  of  sand.  The  whole  series 
has  been  distorted  by  action  of  Kansan  ice. 

18.  Persia  Pit. — ^In  the  west  bluff  of  Mosquito  creek  one 
block  south  of  the  Chicago,  Milwaukee  &  Saint  Paul  depot  at 
Persia,  Washington  township.  This  is  an  old  sand  pit  about 
twenty-five  feet  above  the  valley.  It  is  an  irregular  mass  of 
Kansan  till  containing  numerous  pockets  of  sand,  some  of 
which  are  so  large  that  they  have  been  worked  as  sand  pits. 

19.  Mefford  Pit. — ^In  southeast  31,  Douglas,  on  the  south  side 
of  a  small  creek.  The  Aftonian  is  exposed  to  a  depth  of  ten 
feet,  and  consists  of  sand  which  passes  below  into  fine  gravel. 
This  is  typical  cross-bedded  Aftonian,  with  ferruginous  and 
MnOa  stains,  and  is  separated  from  the  Kansan  by  calcareous 
nodular  plates.  Outcrops  of  Kansan  and  Aftonian  occur  a  few 
rods  farther  down  the  creek. 

20.  Sand  Pit  in  Northeast  28,  Boyer,  Two  and  One-half  Miles 
Southeast  of  Woodbine. — Here  there  are  Aftonian  gravel  and 
sand  beds  variously  folded  and  twisted  and  containing  bowlders 
of  silt  covered  with  a  calcareous  deposit. 

21.  Murray  Rill  Section. — ^In  southeast  8,  Little  Sioux.  Ex- 
posed in  part  by  the  road  which  ascends  the  hill.  The  section 
is  of  great  interest  because  it  shows  Aftonian  sand  and  gravel 
piled  up  to  a  height  of  at  least  120  feet  above  the  valley.  That 
part  displaying  the  Aftonian  follows  the  road  for  a  distance 
of  more  than  800  feet.  A  sand  pit  eighty-five  feet  above  the 
yalley  shows: 

3.    Kansan  drift,  6  feet. 

2.    Aftonian,  sand  8  feet  above,  gravel  6  feet  below. 

1.    Nebraskan  drift. 

The  lower  or  western  part  shows  a  mass  of  sand  and  gravel 
which  seems  to  be  standing  almost  on  edge. 


HARRISON  COUNTY  327 

Also  the  following  exposures  have  been  noted ;  s^nd  pit  near 
the  middle  of  the  west  line  of  10,  St.  Johns ;  John  Hull  pit  in 
northwest  3,  LaGrange;  Fred  Meflford  pit  in  southeast  28, 
Douglas;  Tuttle  pit  in  southwest  24,  and  sand  pit  in  north- 
east 28,  Boyer ;  Jardine  pit,  north  of  Robinson  pit,  and  Hager- 
raan  pit  south  of  Robinson  pit  in  16,  Raglan ;  an  irregular  ex- 
posure along  the  road  between  17  and  18,  and  a  similar  one 
north  of  the  county  line  exposure  on  the  north  line  of  3,  Jack- 
son township. 

Miscellaneous  Deposits. — Sand  bars  are  quite  plentiful  along 
Alissouri  river.  The  channel  is  winding  and  tortuous,  and  the 
open  waterway  is  continually  shifting  with  the  change  in  posi- 
tion of  these  beds  of  sand.  The  material  in  the  bars  is  largely 
quicksand  of  a  highly  variable  quality,  and  but  few  of  the  beds 
are  readily  accessible.  While  they  are  not  at  present  used 
to  any  extent,  future  years  may  see  large  quantities  of  a  com- 
mercial product  derived  from  them  by  the  process  of  pumping 
and  washing. 

Over  the  broad  flats  stretching  back  from  the  Missouri  are 
many  sandy  tracts,  probably  islands  and  bars  in  some  former 
channel  of  the  stream.  Sand  dunes  composed  of  wind-swept 
material  derived  from  the  river  to  the  west  are  also  plentiful. 
The  largest  of  these  dune  areas  is  located  near  the  Blair  rail- 
way bridge  west  of  California  Junction. 

Stone. 

Exposures  of  formations  older  than  the  Pleistocene  are  found 
in  Harrison  county  at  a  few.  points  along  Boyer  river.  At 
Logan,  both  above  and  below  the  mill,  limestone  has  been 
quarried  at  the  east  side  of  the  river  valley.  Some  six  miles 
farther  up  the  river,  and  two  miles  below  the  town  of  Wood- 
bine, considerable  stone  is  said  to  have  been  quarried  in  the  left 
bank  of  the  Boyer.*  The  strata  are  prevailingly  limestone,  and 
belong  to  the  Missouri  stage  of  the  Upper  Carboniferous.  So 
far  as  known,  they  are  the  most  northern  exposures  ot  these 
measures  in  Iowa. 



•C.  A.  White,  Geology  of  Iowa,  Vol.  II,  1870,  p.  180. 
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No  stone  is  now  taken  out  at  either  of  these  localities,  and 
the  old  quarry  faces  are  greatly  obscured  by  rock  debris.  The 
following  section  is  in  view  just  above  the  mill  and  across  the 
river  from  the  town  of  Logan: 


5.    Loess,  passing  into  sands  l>elow 40+ 

l  4.    Sand,  containing  coarse  grayel  and  bowlders  of  a  yariety  of 

igneous  types,  plainly  Pleistocene 1% 

3.    Limestone,  decayed  above,  and  splitting  irregularly  along 

bedding  planes;  color  bufP,  contains  much  crystalline  cal- 

(  cite,  and  is  fossiliferous.    Productus  longispinus,  P.  cos- 

t  tatus  and  Spirifer  cameratua  are  abundant    Ledges  are 

but  a  few  inches  thick,  and  but  small  blocks  can  be  ob- 
>      tained 1 

2.  Limestone,  coarse  in  texture,  composed  largely  of  a  shell  brec- 
cia. Spirifer  cameratus,  Athyris  aubtilita  and  crinoids 
are  common.  Badly  weathered  and  iron-stained  in  places, 
the  iron  frequently  distributed  in  concentric  bands,  giv- 
ing the  appearance  of  a  sandstone;  occasional  nodules  of 
I  both  light  and  dark  chert ^-?4 

j  1.    Limestone,  gray  to  'blue,  splitting  in  ledges  a  few  inches 

thick;  highly  fossiliferous;  said  to  extend  down  several 

^  feet    Breaks  into  small  blocks,  but  is  the  principal  quarry 

stone,  exposed  2 

A  face  perhaps  100  feet  in  length  is  open  at  this  point.  The 
base  of  this  section  is  about  three  or  four  feet  above  the  water 
in  the  river,  which  is  but  fifty  feet  distant.  While  the  rock  is 
suitable  for  ordinary  rough  work,  quarrying  has  been  limited 
by  the  excessive  overburden.  This  same  factor  determines  the 
amount  of  stone  available  in  the  other  localities  mentioned. 
Since  the  county  is  in  general  covered  with  a  great  thickness  of 
recent  deposits,  which  require  removal,  the  production  of  stone 
will  of  necessity  be  very  limited  in  the  future. 

HENRY  COUNTY. 
Sand  and  Gravel. 

Buchanan  Gravels. — ^At  various  places  over  Henry  county 
there  is  exposed  above  the  Kansan  drift  a  bed  of  interstratified 
sands  and  gravels.  The  deposit  is  not  uniform  in  depth,  nor 
is  it  continuous  over  wide  areas.  The  pebbles  are  usually  small, 
rarely  exceeding  three  inches  in  diameter,  and  are  generally 
rounded  and  much  water- worn.  These  materials  were  deposited 
soon  after  the  drift  was  spread  out,  and  before  any  change 
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had  taken  place  in  its  surface.  They  record  the  action  of  swift 
and  variable  currents  in  streams  which  carried  a  large  volume 
of  water  and  were  highly  charged  with  rock  debris.  The  strat- 
ification is  very  irregular,  fine  sand  and  coarse  gravels  not 
being  sorted  so  perfectly  as  is  usually  the  case  with  water-laid 
materials.  The  beds  were  probably  laid  down  along  the  chan- 
nels of  the  streams  which  carried  away  the  waters  resulting 
from  the  melting  of  the  Kansan  ice. 

Sand. — Sand  suitable  for  building  purposes  is  found  in 
abundance  at  a  number  of  places  in  the  county. 

The  soft  sandstone  beds  of  the  Verdi  division  of  the  Saint 
Louis  are  sometimes  used.  The  best  deposits  occur  at  various 
points  along  the  flood  plain  of  Skunk  river  and  of  Big  Cedar 
and  Big  creeks,  where  almost  unlimited  quantities  can  be  ob- 
tained. The  wind-formed  hills  of  sand  which  occur  in  Jeffer- 
son township  are  also  an  important  source  of  supply.  Very 
little  of  this  material  is  met  with  over  the  northeastern  portion 
of  the  county. 

Stone. 

The  various  substages  of  the  Saint  Louis  limestone  imme- 
diately underlie  the  glacial  debris  over  practically  the  entire 
county.  The  Coal  Measures  fringe  the  south  and  west  borders 
more  or  less  interruptedly,  with  small  patches  in  the  interior, 
and  two  narrow  bands  of  the  Osage. limestone  are  exposed  along 
Skunk  river  in  the  south  central  and  southeast  portions  of  the 
county. 

The  lowest  member,  or  Springvale  substage,  is  dolomitic  in 
character,  occurs  in  heavy  beds,  and  affords  material  suitable 
for  heavy  masonry.  The  best  sections  occur  in  Baltimore  town- 
ship,  and  to  a  less  extent  in  Jackson  and  Center  townships.  As 
a  rule,  the  beds  suitable  for  structural  purposes  are  under  a 
heavy  overburden  and  can  be  quarried  only  at  great  expense. 
The  following  sections  will  serve  as  fair  examples. 

Section  about  one  mile  east  of  Lowell,  in  Baltimore  township, 
north  of  wiagon  road: 
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Pia.  3) — St.  Louis  limestone,  Baltimore  township.  Henry  county,  Bhowlns  slight 
fold  and  hard,  comiiact  beds. 

K: ' '  rEBT. 

7,    Clay,  reddlBh  colored  and  gravelljr 6 

6.    Umestone,  Impure,  rusty  browa 2 

6.    LlmeBtone,  brown,  magnesian,  similar  to  4 4 

4.    Limestone,  masneslBn,  obscurely  laminated Z% 

3.    Limestone,    brown,   magnealan,    in   layers   three    to   seven 

InchBH  thick  8 

2.    Limestone,  flne-gralned,  magnesian,  brown,  in  layers  one  to 

three  feet  thick 10 

1.    LimeHtone,  variable,  partially  concealed  down  to  geode  beds 

of  Keokuk  substage  9 

The  heavy  dolomitie  beds  would  undoubtedly  give  good  serv- 
ice for  heavy  masonry,  but  have  been  little  developed  and 
are  not  readily  accessible. 

The  middle  member  of  the  Saint  Louis,  the  Verdi,  as  devel- 
oped in  the  county,  is  characteristically  variable  in  composition, 
texture  and  structure,  and  has  little  to  commend  it  oommereially 
save  for  crushed  stone  purposes.  It  has  not  up  to  this  time 
been  exploited  on  its  own  account.  It  has  been  worked  only 
to  a  limited  extent  in  connection  with  the  beds  above  and  below. 

The  uppermost  member,  or  Pella  beds,  is  the  most  widely 
distributed  and  most  generally  accessible  of  any  of  the  divi- 
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sions  of  the  Saint  Louis  and  has  been  more  extensively  devel- 
oped than  any  other  formation  in  the  county.  While  the  quar- 
rying industry  amounts  to  but  little  at  the  present  time,  large 
quantities  of  stone  have  been  produced  by  the  quarries .  near 
Mt.  Pleasant,  along  the  Keokuk  and  Western  division  of  the 
Chicago,  Burlington  and  Quincy  Railway.  The  old  Winter  quar- 
ry located  in  the  south  bank  of  a  snaall  stream  emptying  into 
Big  creek  from  the  north,  near  the  railroad  bridge  in  the  south- 
east quarter  of  section  17,  Center  township,  shows  the  following 
section : 

FEET. 

12.    Drift,  reddish  brown  4 

11.    Limestone,  gray,  weathered,  shaly 6 

10.    Limestone,  light  gray,  compact,  layers  ten  to  twenty  inches 

in  thickness  5 

9.    Limestone,  gray,  evenly  bedded,  in  layers  two  to  eight  inches 

in  thickness  6 

8.    Limestone,  gray,  flaggy,  two  to  four  inches  in  thickness 1 

7.    Limestone,  fine-grained,  in  undulating  layers  one  to  three 

feet  thick  8 

6.    Limestone,  fine-grained,  gray,   brecciated,   in  places  much 

shattered  -. .      5 

5.    Sandstone  and  shales  in  lentils  and  irregular  beds 6 

4.    Limestone,  light  colored,  arenaceous,  in  places  flexed  and 

often  brecciated  6 

3.    Chert  in  a  band  rather  than  in  nodules 1^ 

2.    Limestone,  impure,  yellowish;    the  upper  portion  in  thin 

layers,  the  lower  a  single  bed  three  feet  in  thickness 4 

1.  Laminated  beds,  one  to  three  inches  in  thickness,  consisting 
of  brown,  magnesian  layers  above,  thin  layers  of  oolitic 
limestone  in  central  portion  and  arenaceous  magnesian 
limestone  below 5 


f 


The  upper  surface  of  number  1  presents  numerous  dome- 
shaped  elevations  ranging  from  two  to  four  feet  in  height  and 
ten  to  twenty  feet  in  diameter.  Both  1  and  2  show  well  defined 
ripple  marks  in  places.    (See  plate  XXIX,  b.) 

The  Pella  beds  are  exposed  at  numerous  other  points,  but  on 
a  less  extensive  scale  than  in  the  above  section,  and  do  not  pre- 
sent any  new  features  worthy  of  mention.  While  quarries  have 
been  opened  and  operated  from  time  to  time  in  practically  every 
township  in  the  county,  those  in  the  vicinity  of  Lowell,  Salem, 
Oakland  Mills,  and  Mt.  Pleasant  are  the  most  important. . 
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Pio.  11 — St.  LdUls  limestone  near  Witifleld.  Henry  eountr. 
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HOWARD  COUNTY. 
Sand  and  Gravel. 

All  tKe  gravel  deposits  of  Howard  county  belong  to  the  Bu- 
chanan stage  of  the  Pleistocene.  Reference  is  here  made  to  the 
report  on  Buchanan  county,  where  the  characteristics  of  these 
deposits,  as  first  pointed  out  by  Professor  Calvin,  are  enumer- 
ated. Both  the  valley  and  upland  phases,  as  distinguished  by 
that  author,  are  represented. 

Valley  Phase. — The  valley  phase  of  the  Buchanan  is  much 
more  extensively  developed  than  the  upland  phase.  Deposits 
of  this  kind,  the  gravel  trains  of  the  Kansan  ice,  are  present 
along  Upper  Iowa  river,  which  passes  through  each  of  the  town- 
ships of  the  northern  tier.  For  some  miles  above  Chester  is  a 
wide,  well-marked,  continuous  terrace  occupying  an  area  of  sev- 
eral hundred  acres.  The  great  beds  of  valley  gravel  about  Le- 
Boy,  Minnesota,  which  have  been  used  for  ballast  by  the  Chi- 
cago, Milwaukee  &  St.  Paul  Railway  are  similarly  situated,  and 
are  but  a  part  of  the  enormous  gravel  trains  which  the  floods 
from  the  melting  Kansan  ice  strewed  continuously  along  the 
valley  of  the  Upper  Iowa. 

Similar  gravel  trains  are  found  along  the  branches  of  Wapsi- 
pinicon  river  in  the  southwest  part  of  the  county.  The  couipity 
owns  a  fraction  of  an  acre  in  the  northwestern  part  of  section 
11,  Afton  township,  at  which  place  the  opening  shows  about  six 
feet  of  iron-stained,  stratified,  fine  and  coarse  gravel  under  six 
inches  of  soil.  Probably  an  acre  or  so  additional  could  be  ex- 
ploited here.  At  Busti  and  for  a  mile  eastward  there  is  very 
coarse  gravel,  it  being  a  mixture  of  Buchanan  with  lowan  drift. 
It  contains  a  high  percentage  of  clay,  and  the  areas  over  which 
it  occurs  are  small. 

These  are  mentioned  as  typical  examples  of  outwash  gravels 
from  the  Kansan  ice,  as  are  also  those  in  west  section  7  of  Ver- 
non Springs  township. 

Valley  gravels  occur  also  along  the  courses  of  Crane  creek 
and  Turkey  river.  At  Lourdes,  between  the  former  and  a  tribu- 
tery  from  the  east  there  is  a  deposit  which  has  an  area  of  some 
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three  acres  or  more.  At  present,  however,  there  is  no  exposure. 
The  town  of  New  Oregon,  on  Turkey  river,  is  built  upon  a  large 
terrace.  There  is  also  a  terrace  of  lowan  gravel  on  the  north 
bank  of  Turkey  river  at  this  place.  The  pit  of  Mr.  J.  B.  Mitchell, 
which  is  located  in  the  latter,  shows : 

FKET. 

Soil  and  loessial  material ; . . .    3-6 

Oravel,  coarse  to  fine,  witli  slabs  and  chips  of  limestone,  brown 
above  to  yellow  below 4 

Gravel,  fine,  8  inches;  sand  near  top;  some  coarse  material  with 
limestone  chips,  for  the  most  part  clean  and  sharp 15 

The  area  of  this  terrace  is  perhaps  five  acres. 

A  few  miles  east  of  New  Oregon,  in  section  1  of  the  township 
of  that  name,  the  gravel  is  in  plapes  cemented  into  a  firm  con- 
glomerate. This  cementation  is  likewise  not  uncommon  in  other 
localities. 

Upland  Phase. — The  upland  phase  of  the  Buchanan  is  repre- 
sented in  several  places  throughout  the  coiijity.  A  very  good  ex- 
ample of  this  type  may  be  seen  in  a  large  gravel  pit  in  southwest 
section  27,  Vernon  Springs  township.  The  material  here  is  very 
rusty  from  the  oxidization  and  alteration  of  the  iron-bearing 
constituents,  and  in  places  the  amount  of  iron  is  sufficient  to  ce- 
ment the  gravel  into  a  conglomerate.  Grranites  up  to  ten  inches 
in  diameter  fall  to  pieces  when  removed  from  the  mass.  The  pit 
is  fully  fifteen  feet  deep  and  does  not  show  the  whole  thickness 
of  the  deposit.  There  is  practically  no  stripping,  the  cover  being 
but  a  bed  of  humus-stained  gravelly  soil. 

In  the  adjacent  parts  of  sections  34  and  35  there  are  similar 
esker-like  knobs  of  Buchanan  gravels  which  have  not  been 
worked. 

In  the  southern  part  of  section  18,  New  Oregon  township,  Mr. 
0.  A.  Borlang  has  a  two-acre  knoll  which  contains  considerable 
amounts  of  gravel  but  which  has  not  been  opened  in  such  a  way 
as  to  expose  its  contents  clearly.  Mr.  Borlang  also  has  a  small 
pit  half  a  mile  northwest  of  this  knoll. 

Stone. 

Both  members  of  the  Ordovician  as  developed  in  Howard 
county  are  exposed  in  the  vicinity  of  Florenceville.    Excellent 
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1 


quarter  of  section  ST.  Altilon 


sections  of  both  the*  G-alena-Platteville  and  the  Maquoketa  oc- 
cur in  the  northern  tier  of  sections  in  Albion  township,  but  as 
yet  the  beds  are  almost  wholly  undeveloped.  The  quarry  below 
the  mill  at  Florenceville  shows  the  following  beds: 

m.1. 

2.  LlmestoDe,  irregularlr  bedded,  flne-gralaed,  tOBsillferouB. 
with  sbaly  partlngB:  Bome  of  the  lajera  represented  by 
detached  nodules  and  IrreKuUr  lenticular  slabs  of  llme- 
Btone  imbedded  In  shale 10 

1.  Limeatone,  regularly  bedded  In  layers  a  foot  or  more  In 
thicknesB,  without  sbaly  partings,  rather  coarse-grained, 
beds  cut  by  deflnite  Joints,  Joint  faces  pitted  and  rough- 
ened by  weathering 8 

Number  1  furnishes  a  durable  grade  of  building  stone.  The 
rock  is  magnesian,  subcrystalline  and  practically  nonfossilif- 
erous. 

Outside  of  two  small  areas  marking  the  extensions  of  Ordo- 
vician  beds  which  have  been  uncovered  by  the  streams  into 
Vernon  Springs  and  across  Albion  township  into  Forest  City 
township,  the  Devonian  covers  the  entire  county.  The  Devonian 
beds  are  accessible  at  numerous  points  and  have  been  quarried 
principally    at    Vernon    Springs    and    vicinity,    Creseo,    Lime 
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Springs  and  vicinity,  Chester,  Elma  and  in  section  33  in  Sara- 
toga township.  The  lowest  beds  developed  may  be  viewed  in 
the  qnarry  located  on  the  northeast  corner  of  section  14  in 
Forest  City  township.  The  principal  quarry  rock  consists  of 
a  massive,  rough,  rather  soft,  noncrystalline,  vesicular  dolomite. 
The  quarry  section  is  as  follows : 


5.    Limestone,  dolomitic,  ledges  decayed  and  badly  broken  up. 

comparatively  thinly  bedded 8 

4.  Dolomite,  coarse,  vesicular,  full  of  fossil  casts 6 

3.  Dolomite,  coarse,  pitted  like  number  4 4V4 

2.    Limestone,   dolomitic,   light   yellow    S 

1.  Limestone,  similar  to  2  but  softer  and  more  granular;  in 

four  beds  which  in  places  appear  to  be  completely  blended 
into  a  single  bed   • 4 

Similar  sections  may  be  seen  at  other  points  in  Forest  City 
and  Albion  townships. 

Beds  somewhat  higher  in  the  series  have  been  quarried  at 
Vernon  Springs  and  vicinity.  The  Salisbury  quarry,  located 
in  the  southwest  quarter  of  the  southwest  quarter  of  section  34 
in  Vernon  Springs  township  may  be  selected  as  a  fair  sample. 
The  section  is  as  follows: 

SALISBURY  SECTION,  VERNON  SPRINGS. 

FEKT. 

5.  Black  soil  mixed  with  broken  rock 1 

4.  Limestone,  broken,  angular  fragments  affording  an  Illus- 

tration of  how  the  stone  yields  to  frost  and  weather 4 

3f.  Limestone  iu  heavy  courses  of  good  building  stone,  soft, 
magnesian,  yellow  or  brown  in  color,  containing  num- 
erous spheroidal  cavities  lined  with  crystals  of  calcite, 
fossils  rare  and  represented  only  by  casts 8 

2.  Limestone,  softer,  more  argillaceous,  In  three  or  four  layers, 

calcite  lined  cavities  numerous. 3 

1.    Limestone,  more  solid  and  purer,  in  courses  from  one  to 

three  feet  in  thickness,  fossil  shells  preserved 7 


« 


The  most  important  quarry  in  the  county  is  operated  by  John 
Hallman  and  is  located  in  the  northwestern  part  of  the  city  of 
Cresco.    The  quarry  pit  shows  the  following  beds : 

FECr. 

4.     Drift  and  wash 1-4 

3.    Limestone,  in  thin  layers  but  evenly  bedded  and  hard,  mag- 
nesian     : : M 

2.    Limestone,  blue-gray,  hard  and  tough,  in  beds  ranging  from 

6  to  18  inches  thick;  works  fairly  well 7-8 

1.    Limestone,   dolomitic,  base  ledge  in   northwest  corner  of 

quarry;   weathers  brownish  yellow,  exposed t 
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Pt^Ta  XXIIt — a.     City  quarry  about  one  and  one-bait  milBS  north  ot  CreBC*.    The 
product  1b  a  natural  macadam. 
b.      Quarry  northeast  ot  £:tina  Bhowlns  flasK7  cbaracter  of  beds, 
c     Hallman  quarry  ehowlng  principal  quarry  beds.    Creaco.  Howard 
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Nmnbers  1  and  2  contain  considerable  crystalline  calcite  in 
stringers  and  balls  and  the  entire  assemblage  of  beds  is  strongly 
magnesian.  The  quarry  beds  appear  to  be  much  disturbed  in 
places,  such  disturbance  being  manifested  by  crushed  layers  and 
slickensided  surfaces.  The  products  of  the  quarry  include  some 
dunension  stone,  rubble  and  ordinary  range  stone.  The  princi- 
pal beds  are  comparatively  soft  and  work  easily. 

The  quarries  at  Forest  City  and  Chester  work  beds  similar 
to  those  which  have  been  developed  at  Vernon  Springs. 

At  Elma  several  quarries  have  been  opened  and  .dolomitic 
limestones  have  been  quarried,  which,  according  to  Professor 
Calvin,  are  below  the  beds  occurring  at  Cresco.  A  quarry  along 
the  Chicago  Great  Western  railway,  north  of  Elma,  displays 
the  following  beds : 

FEET. 

4.    Soil  and  drift 0-3 

3.  Limestone,  much  weathered,  heddlng  planes  almost  oblit- 
erated, somewhat  concretionary  in  appearance 3-5 

2.  Limestone,  magnesian,  stained  yellowish  brown  where  long 
exposed;  breaks  up  into  thin  layers  although  apparently 
in  heavy  beds  3-5 

1.    Dolomite,  brown,  subcrystalline  and  cavernous,  calcitic,  in 

heavy   beds    4 

Small  quarries  have  been  opened  and  operated  from  time  to 
time  at  other  points,  but  none  are  worthy  of  special  mention. 

HUMBOLDT  COUNTY. 
Sand  and  Gravel. 

The  gravel  and  9and  deposits  of  Humboldt  county  are  of 
three  kinds  viz.,  stream  terraces,  sand  and  gravel  bars,  and 
pockets  and  cappings  in  and  on  drift  hills.  Of  the  first  kind, 
there  are  two  classes,  Buchanan  gravels,  derived  from  the  Kan- 
san,  or  older  drift  sheet,  and  the  younger,  fresher  deposits  laid 
down  by  outwash  waters  from  the  Wisconsin  ice. 

Stream  Terraces. — Although  both  forks  of  Des  Moines  river 
served  as  outlets  for  the  Wisconsin  flood  waters,  Humboldt 
county  sems  to  have  received  hardly  its  full  share  of  the  depos- 
ited materials.     This  may  be  due  to  the  fact  that  the  river 
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Lad  cut  its  way  down  into  the  Carbomf erous  rocks  which  under- 
lie the  surface  deposits  of  the  county  as  we  see  them  today, 
and  had  made  but  a  narrow  channel,  through  which  the  water 
poured  with  such  velocity  as  to  carry  all  suspended  matter 
with  it.  In  Kossuth  and  Palo  Alto  counties  the  terraces  sug- 
gest the  possibility  that  the  gravel  was  deposited  in  ponded 
waters;  and  the  benches  in  Webster  county  may  have  been 
dropped  when  the  velocity  of  the  current  had  been  reduced  after 
passing  through  this  constricted  channel.  At  all  events,  the 
gravel  terraces  in  Humboldt  county  are  scarce,  and  any  gravel 
that  may  have  been  deposited  in  the  river  bottom  is  today  cov- 
ered so  deeply  with  alluvium  as  not  to  be  available. 

On  the  north  side  of  the  river  near  the  northwest  comer  of 
section  28,  Rutland  township,  is  a  pit  from  which  the  town  of 
that  name  obtains  its  supply.  In  this  pit  one  to  one  and  a  half 
feet  of  alluvium  covers  some  two  feet  of  coarse,  somewhat  dirty 
gravel.  Under  the  gravel  are  to  be  seen  a  foot  or  two  of  cross- 
bedded  sand,  iron-streaked  and  containing  numerous  pebbles 
up  to  several  inches  in  diameter.  This  sand  seems  to  grade 
into  coarser  material  below.  The  top  of  the  bank  is  about  fifteen 
feet  above  water,  and  the  productive  area  of  the  terrace  aggre- 
gates six  or  eight  acres. 

South  of  Humboldt,  on  the  farm  of  W.  C.  Hayes  in  the  north 
part  of  section  13,  Corinth  township,  is  a  pit  from  which  sand 
is  being  hauled  to  town  by  the  Humboldt  Cement  Products  Com- 
pany. This  pit  is  in  a  low  bench,  in  fact  it  is  really  located  in 
the  flood  plain  on  the  west  side  of  the  river.  Just  south  of  the 
pit  is  a  flat  bench  practically  the  same  height  but  which  is  com- 
posed of  indurated  rock  under  a  thin  cover  of  alluvium.  At 
this  opening  there  are  about  two  feet  of  dirty  gravel  under  one 
and  a  half  feet  of  alluvium.  The  gravel  contains  a  large  amount 
of  sand,  and  sand  underlies  it.  The  latter  is  cross-bedded,  and 
contains  pockets  and  streaks  of  extremely  fine,  clean,  sharp 
sand.  Up  to  fifteen  feet  have  been  uncovered  in  this  pit,  but 
only  six  feet  or  so  are  now  exposed  above  water.  The  indica- 
tions are  that  up  to  fifteen  acres  in  this  bench  might  yield  this 
material,  but  the  depth  is  probably  somewhat  variable. 
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Wliat  are  probably  Wisconsin  gravels  are  to  be  seen  on  the 
east  side  of  the  river,  between  it  and  the  railroad,  near  the 
northwest  corner  of  section  17,  Beaver  township.  This  material 
is  coarse  and  somewhat  dirty,  and  is  buried  under  two  to  four 
feet  of  alluvium.  The  top  of  the  gravel  is  about  twenty  feet 
above  water.  A  few  hundred  yards  farther  north,  in  section 
8,  another  opening  shows  practically  the  same  material.  The 
total  area  available  at  these  two  exposures  will  perhaps  run 
as  high  as  twenty-five  or  thirty  acres.  Chances  for  develop- 
ment at  the  latter  opening  are  better  than  at  the  former  be- 
cause of  a  bank  some  fifty  feet  high,  the  only  open  road  through 
which  leads  to  the  pit  in  section  8.  A  long  stretch  of  the  Hum- 
boldt-Fort  Dodge  road  has  been  surfaced  with  gravel  from  this 
pit  and  is  in  excellent  condition. 

There  is  another  pit  in  the  same  bench  in  the  western  part 
of  section  5  of  the  same  township.  The  gravel  is  more  iron- 
stained  than  where  observed  farther  south,  and  is  being  used 
on  the  roads. 

From  Humboldt  to  livermore  along  the  east  branch  of  Des 
Moines  river,  bench  gravels  are  a  negligible  quantity.  The 
flood  plain  is  narrow,  and  where  benches  are  present  they  are 
composed  of  drift  clay.  It  is  reported  that  gravels  are  ooca- 
sionallv  found  in  excavations  in  the  river  bottoms,  but  are  oov- 
ered  so  deeply  with  alluvium  as  to  be  almost  unavailable. 

Buchanan  gravels. — The  older  gravels  of  the  drift  series  con- 
stitute a  quite  important  source  of  supply.  South  of  Humboldt 
between  the  two  forks  of  Des  Moines  river  these  are  particu- 
larly well  developed,  and  have  been  opened  in  several  places. 
In  sections  24,  Corinth,  and  19,  Beaver,  is  a  bench  extending 
between  the  forks  of  the  river  which  has  an  area  of  perhaps 
forty  acres  or  more.  Where  this  has  been  opened  west  of  the 
road  it  shows  four  to  five  feet  of  coarse,  rudely  stratified,  iron- 
stained  gravel  grading  downward  into  fine  gravel  and  sand. 
A  little  lower  down  the  slope  is  another  opemiig  oLio%/ing  fine, 
iron-stained  gravel  underlying  the  sand.  The  total  depth  of 
gravel  exposed  is  fifteen  or  sixteen  feet,  under  some  two  feet 
of  cover.    Half  a  mile  east  of  this  pit  the  Minneapolis  &  St. 
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Louis  Railroad  formerly  took  gravel  from  the  terrace,  but  this 
pit  is  now  abandoned.  In  speaking  of  the  area  underlain  by 
Buchanan  gravels,  Professor  Williams  says,  **The  extent  of 
these  deposits  is  very  difficult  to  estimate.  They  probably  un- 
derlie in  considerable  depth  all  the  upland  south,  of  Humboldt 
and  between  the  two  forks  of  the  Des  Moines  south  to  their 
union."  And  again  from  Williams,  **In  the  particular  case 
before  us,  the  only  natural  outcrops  of  the  Kansan  occur  along 
the  river  valleys,  as  already  intimated,  and  here  they  seem  to 
represent  the  drainage  deposits  left  by  the  abundant  south- 
flowing  waters  of  the  retreating  glacier ;  they  are  the  Buchanan 
gravels  and  alluvial  sands.  Exposures  occur  at  several  places 
along  the  river  valley  in  Beaver  township,  as  near  the  center 
of  section  17,  on  the  north  side  of  Coon  creek  near  its  mouth, 
in  the  northwest  quarter  of  section  20,  and  even  on  top  of  the 
hill  in  northwest  30.  In  all  these  cases  we  find  the  pecuhar 
orange-brown  color  formed  from  decaying  pebbles,  which  are 
today  so  near  disintegration  that  they  crumble  in  the  fingers." 

Reworked  materials. — Sand  and  gravel  bars,  chiefly  the 
former,  occur  in  some  abundance  along  both  branches  of  Des 
Moines  river  all  through  the  county.  It  wiU  be  mentioned  in' 
the  Pocahontas  report  that  sand  bars  are  plentiful  in  the  West 
Fork  where  it  crosses  the  comer  of  that  county.  The  same  thing 
is  true  all  the  way  down  to  Humboldt,  and  perhaps  even  more 
noticeable  on  the  East  Fork  north  qf  the  latter  place.  Between 
Humboldt  and  Livermore  this  river  wash  sand  is  being  removed 
in  several  places,  notably  on  the  Dunphy  farm  in  section  15  and 
at  the  bridge  in  section  10,  Grove  township.  The  material  is, 
on  the  whole,  clean  and  white  and  serves  nicely  for  concrete  and 
cement  work  where  fine  sand  is  desirable;  but  the  quality  is 
quite  variable  within  distances  of  a  few  feet. 

Drift  gravels. — Humboldt  county  lies,  within  the  area  cov- 
ered by  the  Wisconsin  ice.  While  the  depth  of  the  drift  over 
this  county  as  a  whole  is  quite  thin  when  compared  with  others 
in  this  vicinity,  yet  the  amount  of  available  kame  and  knoll 
gravels  is  as  great  as  in  any  of  them.  In  southeast  section  17, 
Grove  township,  and  in  north  section  7,  Humboldt  townsTiip, 
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kames  have  been  opened  and  the  gravels  used  on  roads  and  for 
concrete.  Vernon  township  is  reported  to  have  *  Aplenty  of 
gravel'*  all  of  which  is  of  the  kame  type,  and  there  seems  no 
doubt  that  the  chances  for  finding  it  in  other  townships  are 
just  as  good  as  in  the  ones  named. 

Stone. 

The  Kinderhook  limestone  beds  outcrop  near  the  Minneapolis 
and  Saint  Louis  railway  in  the  southern  part  of  the  city  of  Hum- 
boldt and  present  an  almost  continuous  exposure  on  the  river  for 
more  than  a  mile.  The  same  beds  outcrop  near  the  Chicago  and 
North  Western  railway  north  oi  the  city,  and  near  Rutland 
about  five  miles  to  the  northwest.  The  section  exposed  below 
the  dam  in  Humboldt  is  given  below : 

FEET. 

4.    AUuvial  wash,  variable  In  thickness;  on  top  of  terrace  about      3 

3.    Limestone,  oolitic,  rather  coarse-grained,  gray  to  white....     10 

2.    Limestone,  compact,  gray-white,  a  gradation  from  No.  1, 

but  fewer  fossils  present  and  apparently  less  brecclated . .      2 

1.  Limestone,  brecclated  and  filled  with  casts  of  fossils,  chiefly 
brachlopods,  yery  compact  and  brittle  in  outcrop;  bedding 
planes  not  apparent;  exposed  above  low  water 4 

The  section  rises  toward  the  town  and  the  oolite  probably 
shows  a  greater  thickness  than  is  indicated  in  the  above  section. 
All  of  the  beds  dip  perceptibly  up  stream.  An  average  sample 
was  taken  from  the  above  section  and  analyzed.  The  result  is 
given  below: 

Insoluble 0.60 

Iron  oxide  and  alumina 1.12 

Calcium  carbonate  97.20 

Magnesium  carbonate 2.00 

Total  100.82 

Analyzed  by  A.  O.  Anderson,  from  sample  collected  by  €.  M.  Morgan. 

At  Rutland,  along  the  south  bank  of  the  river,  is  one  of  the 
most  conspicuous  rock  exposures  in  the  county.  The  section 
exposed  here  is  correlated  by  Macbride  with  the  lower  beds  in 
the  Humboldt  section.  The  ledges  are  nearly  in  horizontal  posi- 
tion, attain  a  maximum  of  twenty  feet  in  thickness,  and  can  be 
traced  about  one  mile  east  Where  they  disappear.    Westward 
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they  give  place  to  the  Saint  Louis  in  section  23  in  Avery  town- 
ship. Outcrops  apparently  referable  to  the  same  horizon  are 
known  at  other  points  in  Rutland  township.  The  bedding  planes 
in  the  Eutland  limestone  are  not  very  apparent.  The  rock  breaks 
up  into  irregular  sharp  angled  spalls  and  is  very  hard. 

The  Saint  Louis  limestone  appears  at  several  points  along 
both  branches  of  Des  Moines  river  and  in  Weaver  township. 
It  forms  a  solid  foundation  for  a  large  portion  of  the  city  of 
Humboldt,  as  the  cellars  of  many  of  the  principal  buildings  were 
excavated  in  it,  and,  it  is  said,  produced  enough  stone  to  build 
their  own  walls.  The  stripping  or  overburden  of  soil  and  drift 
is  so  thin  in  places  that  these  limestone  beds  afford  a  natural 
pavement.  The  Saint  Louis  overlies  the  Kinderhook  uncon- 
formably,  although  good  natural  exposures  showing  the  contact 
are  scarce.  The  most  extensive  section  in  the  county  appears 
along  the  east  bank  of  the  river,  near  the  south  line  of  the 
county.    The  beds  are  as  follows: 


9.     Drift  of  variable  thickness. 

8.    Sandstone,  probably  Coal  Measures 6-  7 

7.    Limestone,  in  thin  layers,  arenaceous 6-10 

6.    Limestone,  heavy-bedded,  containing  angular  fragments  of 

lithographic  stone  5-  7 

5.    Shale,  with  pockets  of  clay;  variable  in  thickness;  a  thin 

parting 1 

4.    Limestone,  hard  and  dense 4 

3.    Limestone,  regularly  bedded,  more  or  less  arenaceous,  about      2 

2.    Talus  to  water  level 4 

1.    Limestone,  soft,  whitish  or  bluish  in  the  bed  of  the  river. 
On  exposure  turns  brown  or  yellow  and  washes  readily 
under  rain.    Occurs  in  layers  six  to  eight  inches  thick,   * 
and  is  said  to  overlie  blue  shales. 

Number  1  has  been  quarried  in  the  bed  of  the  river  for  local 
use.  Number  7  is  the  most  characteristic  and  clearly  defined 
member  of  the  series.  It  occurs  in  layers  three  to  four  feet 
thick,  is  unevenly  bedded,  more  or  less  brecciated  and  breaks 
off  in  large  blocks  as  undermined  by  erosion  of  the  thinner  beds 
below.  This  particular  horizon  also  outcrops  in  sections  31  and 
32  in  Grove  township. 

The  Bull  quarry  near  the  center  of  Humboldt  exposed  the 
following  section: 
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3.    Drift  and  soil 1-2 

2.    Limestone,  thin-bedded,  with  flinty  layers,  passing  into  beds 

of  clay ' 2 

1.    Limestone,  blue,  evenly  bedded,  of  variable  texture 6 


1  Tests  unconformably  upon  the  subjacent  limestone, 

is  supposed  to  belong  to  the  Kinderhook.  Other  exposures 

«  Saint  Louis  limestone  occur  at  the  ''Sandstone  Quarry" 

tland,  and  at  several  points  in  Avery  and  Weaver  town- 

The  best  beds  usually  available  at  all  of  these  places, 

in  medium  to  heavy  ledges,  are  comparatively  pure  cal- 

carbonate,  and  yield  a  fair  to  superior  grade  of  building 

^  which  has  been  used  extensively  in  bridge  piers  and  abut- 

foundations  and  walls  of  some  of  the  best  buildings  in 

ounty.     The  entire  assemblage  is  suitable  for  road  and 

^te  work.     The  location  of  these  outcrops  should  make 

of  especial  importance  for  north-central  Iowa. 

IDA  COUNTY. 
Sand  and  Gra^sl. 

surface  materials  of  Ida  county  are  Kansan  drift  gen- 
^^  veneered  with  loess.  Between  these  two  formations  is 
^t^casionally  found  a  deposit  of  iron-stained  sand  and  gravel 
called  Buchanan  by  Professor  Calvin.*  An  exposure  of  this 
material  occurs  in  southeast  section  27  of  Corwin  township, 
where  in  the  valley  of  a  small  creek  there  are  exposed  some  ten 
feet  of  gravelly  sand  under  four  feet  of  loess.  The  lower  mem- 
ber in  this  section  is  composed  of  fine  to  medium  sand  mixed 
and  mterbedded  with  fine  gravel.  Gravel  is  reported  to  be 
present  below  the  sand. 

It  seems  not  at  all  difficult  to  find  these  loess-covered  gravels 
almost  wherever  a  search  is  made,  but  the  depth  of  the  cover 
is  usually  so  great  as  to  render  the  cost  of  recovery  prohibitive. 
While  nothing  but  quicksand  and  silt  are  usually  to  be  found 
along  Maple  river,  yet  some  of  its  tributaries  have  small  amounts 
of  coarser  material.  In  Ida  Grove  the  Cement  Products  Com- 
pany has  a  pit  in  which  six  to  eight  feet  of  sand  are  visible 

*Se^  report  on  Buchanan  bounty  in  this  TOlume. 


J 
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above  the  water  level.  The  sand  is  under  ten  or  twelve  feet  of 
cover,  most  of  which  is  used  for  the  manufacture  of  brick.  The 
upper  part  of  the  sand  is  interbedded  with  sandy  clay,  some  of 
which  is  taken  for  sidewalk  work.  The  sand  as  a  rule  is  fine, 
clean  quartz  carrying  a  few  pebbles  variable  in  size,  but  occa- 
sionally bowlders  up  to  several  inches  in  diameter  are  found. 

Just  south  of  Odebolt  creek  in  southeast  section  14,  Corwin 
township,  Robert  Hall  has  a  pit  which  shows  practically  the 
same  section  as  noted  above.  Here  there  are  interbanded  clay 
and  sand  seams  which  together  with  four  or  five  feet  of  clay 
must  be  removed.    The  town  is  largely  supplied  from  this  pit. 

There  are  gravel  terraces  along  Little  Sioux  river  where  it 
touches  the  northwest  comer  of  the  county,  and  also  on  Ashton 
creek.  These  gravels  are  not  easily  available  at  present  on 
account  of  the  deep  valley  of  the  river.  Lake  View  is  the  chief 
source  of  supply  for  Ida  county.  Gravel  from  the  latter  place 
is  shipped  in  for  all  work  of  any  importance,  and  the  local  prod- 
ucts are  used  only  for  local  purposes  in  a  small  way,  such  as 
sidewalks,  plaster  work,  etc. 

IOWA  COUNTY. 

« 

Saitd  akd  Gravel. 

The  Af  tonian  gravels  are  widespread  in  Iowa  county  and  con- 
stitute the  leading  water-bearing  horizon  for  shallow  wells.  Out- 
crops are  rare  or  unknown. 

Small  deposits  of  sand  are  found  at  the  base  of  the  loess  and 
as  flats  and  bars  in  some  of  the  streams.  The  deposits  carry 
more  or  less  silt  and  clay  and  are  of  local  importance  only- 
Gravel  used  in  the  county  is  imported.  It  is  possible  that  both 
sand  and  gravel  might  be  pumped  from  Iowa  river  as  in  John- 
son county. 

Stone. 

Small  Coal  Measure  outliers  occur  in  Iowa  county,  the  most 
conspicuous  member  being  the  usual  variable  sandstone.  Sev- 
eral decades  ago  these  beds  were  developed  quite  extensively 
by  the  several  villages  belonging  to  the  Amana  Society.  Some  of 
the  oldest  and  most  important  buildings  in  these  communities 
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were  constructed  of  these  variable  sandstones.  The  Amana 
store  and  the  Amana  church  were  built  in  1862  and  1863  re- 
spectively, using  the  local  stone,  and  both  are  in  gOod  repair. 
The  store  front  was  built  of  a  red-brown  sandstone  obtained 
from  a  quarry  about  one  and  a  half  miles  north  of  town,  while  a 
yellow-brown  sandstone,  said  to  have  been  obtained  from  a 
quarry  equally  distant  northwest  of  town,  was  used  in  the  sides 
and  back  walls.  Other  quarries  were  developed  to  the  eastward 
and  westward  of  these  and  used  in  the  construction  of  the  older 
buildings. 

While  some  stone  has  been  produced  and  used  of  late  years  for 
foundations  and  rough  masonry  purposes,  no  stone  buildings 
have  been  constructed  of  the  local  material  during  the  past 
quarter  of  a  century.  At  the  present  time  the  old  openings  are 
much  obscured  by  talus  slopes.  The  stone  available  is  very  simi- 
lar to  that  exposed  in  other  border  counties  belonging  to  the 
same  horizon.  It  is  a  sandstone,  highly  variable  in  color,  texture, 
structure  and  state  of  induration.  The  prevailing  colors  are 
shades  of  yellow  and  brown  combined  with  red;  yellowish  and 
reddish  brown  predominating.  Texturally  the  stone  is  usually 
fine  to  medium  grained,  but  occasionally  shows  a  conglomeratic 
f acies.  Structurally  the  stone  varies  from  a  thinly  bedded  sand-  » 
stone,  with  bedding  planes  fairly  well  defined,  to  a  massive  and 
imperfectly  bedded  deposit.  False  bedding  is  oftentimes  very 
evident.  As  a  rule  it  is  imperfectly  indurated,  but  appears  to 
harden  considerably  on  exposure.  It  varies  from  a  very  friable 
to  a  fairly  compact  stone.  The  deeper  colored  stone  is  usually 
the  more  highly  indurated.  The  durability  is  sufficiently  at- 
tested in  the  well-preserved  buildings,  where  it  has  been  exposed 
to  the  elements  for  half  a  century.  As  in  the  case  of  other 
Coal  Measure  sandstones,  its  color  is  not  pleasing  and  its  other 
properties  are  not  sufficiently  constant  to  commend  it  to  the 
public.  In  quarrying  the  stripping  increases  rapidly  from  the 
natural  outcrops  and  the  percentage  of  usable  stone  is  small, 
both  of  which  factors  contribute  to  the  expense  of  production. 
While  this  variable  sandstone  has  served  a  useful  purpose  in  the 
early  history  of  the  communities,  it  has  been  displaced  almost 
wholly  by  stone  from  other  points,  notably  Stone  City,  which 
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can  be  more  cheaply  quarried.     The  materials  are  not  well 
adapted  for  crnshed  stone  products. 

JACKSON  COUNTY. 


Remnants  of  gravel  terraces  still  occur  at  various  points  along 
the  Mississippi  river  valley  in  this  county.  According  to  Savage 
the  age  of  these  gravels  is  undetermined,  although  it  seems 
probable  that  they  belong  to  the  period  of  flooded  streams 
which  was  one  of  the  features  of  the  close  of  the  Wisconsin 
stage  of  glaciatioD.  One  of  the  most  important  of  these  terraces 
extends  from  Bellevue  north  to  section  24  of  Tete  de  Mort 
township.  Over  the  northern  portion  of  this  terrace  the  surface 
is  covered  with  drifting  dunes  which  are  composed  of  fine  sand 
heaped  up  by  the  winds.  Elsewhere  the  sand  is  not  piled  into 
dunes  but  it  still  practically  prevents  the  growth  of  vegetation. 
On  the  north  edge  of  Bellevue  the  terrace  has  been  opened  up 
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to  obtain  sand  and  gravel  for  local  use.  The  pit  shows  at  the 
base  ten  feet  of  well  rounded  gravel  with  considerable  sand. 
Above  this  layer  are  twenty  feet  of  fine  yellow  sand  resembling 
the  dune  sand.  The  division  between  these  two  phases  is  sharp 
and  well  marked.  The  terrace  is  forty  feet  high  at  Bellevue 
and  seems  to  be  underlain  very  largely  by  the  coarser  gravel. 
The  gravel  is  also  well  exposed  in  the  roadside  near  the  south- 
east corner  of  section  1,  Bellevue  township. 

Savage*  mentions  other  terraces  of  similar  composition  be- 
tween Sabula  and  Lainsville,  and  two  and  one>half  miles  east  of 
Green  Island,  where  the  valley  of  a  small  creek  has  been  filled 
to  a  height  of  twenty  feet  above  the  present  flood  plain. 

At  the  north  limits  of  the  town  of  Maquoketa,  on  the  South 
Fork  of  Maquoketa  river  about  half  a  mile  above  the  junctioo 
of  the  two  branches,  terraces  are  well  developed  on  both  sides 
of  the  stream.  In  the  southeast  quarter  of  section  13,  South 
Fork  township,  several  pits  have  been  opened  near  the  road 
leading  to  Hurstville.  These  show  one  or  two  feet  of  rather 
fine  sand  on  top  and  below  this  a  few  feet  of  coarser  sand  and 
gravel,  locally  cross-bedded  and  iron-stained.  Below  are  ex- 
posed six  feet  of  medium  coarse  gravels  to  the  bottom  of  the 
pits. 

Stons. 

A  few  outcrops  of  the  Platteville  stage  of  the  Mohawkian 
series  appear  in  Tete  de  Mort  township  from  St.  Donatus  to 
Mississippi  river  and  southward.  Several  small  quarries  have 
been  opened  but  have  not  been  operated  extensively.  Perhaps 
the  largest  quarry  has  been  opened  near  the  top  of  the  bluff  at 
Gordons  Ferry  station.  A  large  amount  of  material  has  been 
taken  from  the  bluff  in  the  vicinity  and  used  in  the  construction 
'of  wing  dams  along  the  river.  The  section  exposed  presents  a 
massive  dolomite  in  ledges  from  four  to  six  feet  in  thickness. 
The  beds  are  subcrystalline  and  quite  free  from  chert.  A  small 
quarry  near  the  village  of  St.  Donatus  shows  the  following  beds : 

*Oeolosy  of  Jackson  County;  Iowa  Geol.   Surv.,  Vol.  XVI,  p.   582. 
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ST.  DONATUS  SECTION. 

5.  Dolamite,  sr&ylsh  yellow,  in  layers  three  to  eight  inches  in 

thickness,  which  are  separated  by  narrow  partings  of 
shale;  containing  a  number  of  fossils  in  the  form  of  casts 
or  molds  5^ 

4.  Dolomite,  yellowish,  similar  to  No.  5  above,  and  containing 

similar  fossils  . . . .  v 2 

3f.  Dolomite,  yellow,  two  layers,  each  about  eight  inches  in 
thickness,  which  are  separated  from  each  other  and  from 
those  adjacent  by  two-inch  t)ands  of  shale 1% 

2.  Dolomite,  rather  hard,  which  is  imperfectly  separated  into 

layers  respectively  2,  %,  2,  %  and  1^  feet 6% 

1.  Dolomite,  yellow,  fossiliferous  and  somewhat  vesicular,  con- 

sisting of  layers  2,  3,  2^,  %  and  3  feet  in  thickness 11 

Other  quarries  have  been  operated  along  Tete  de  Mort  creek. 
A  more  extensive  natural  sebtion  may  be  viewed  on  the  north- 
east quarter  of  section  24  in  the  same  township.  This  exposure 
shows  the  following  succession  of  beds : 

8.    Dolomite,  weathered  ledge,  hard,  yellowish  gray,  indistinctly 

separated  into  layers  and  presenting  a  very  rough  surface      6 

7.  Dolomite,  hard,  buff,  in  three  layers,  respectively  3,  3  and  1 
feet  in  thickness,  the  surface  showing  numerous  small 
cavities    7 

6.  Dolomite   in    heavy   layers,    yellow,    Receptaculites    oweni 

abundant  near  the  middle  portion 5 

5.  Limestone,  hard,  subcrystalllne,  yellow  in  color,  showing 

numerous  cavities,  fossils  few  and  poorly  preserved 4 

4.    Limestone  similar  in  character  to  No.  5  above,  weathering 

into  indistinct  layers  three  to  six  inches  in  thickness 5 

3.  Limestone  ledge  consisting  of  two  layers,  each  about  two  feet 

in  thickness,  containing  a  number  of  indistinct  fossil  re- 
mains        4 

2.  Dolomite,  hard,  buff  colored,  similar  to  No.  3 3% 

1.    Dolomite,  hard,  massive  ledge,  yellow,  vesicular,  down  to 

level  of  water 4% 

The  upper  layers  of  the  Galena  become  thinner  with  num- 
erous thin  shale  partings  and  the  Galena  cliffs  are  almost  in- 
variably overlain  by  Maquoketa  slopes. 

The  Maquoketa  beds  are  supposed  to  be  responsible  for  the 
slopes  which  appear  at  the  base  of  the  massive  Silurian  lime- 
stone cliffs  which  face  the  Mississippi  and  its  immediate  tribu- 
taries and  also  appear  in  Fairfield  and  Van  Buren  townships. 
The  Maquoketa  beds  are  predominantly  argillaceous  but  grade 
upward  into  thin  layers  of  indurated  limestone  interbedded  with 
thin  shale  layers.     These  transition  beds  have  been  quarried 
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locally  at  Bellevue  and  at  a  few  other  points  in  the  northeastern 

portion  of  the  connty.    The  material  breaks  down  rapidly  when 

^xposod  to  the  weather  and  is  not  of  a  durable  character.    A 

^eproscntative  section  may  be  seen  near  the  northeast  corner  of 

'ie  toTvn  of  Bellevne.    The  sequence  is  as  follows: 


S,  Dolomite,  hard,  madBive,  crystalline,  in  heavy  layers  three 
to  six  feet  in  thickness;  indistinct  remains  of  fossils  not 
rare.     Niagaran  limestone  13 

7.  Liimestone,  impure,  yellowish  gray,  rather  fine-grained,  in 
even  layers  four  to  fourteen  inches  in  thickness,  weather- 
ing Into  bands  of  one  to  two  inches;  carrying  a  few 
fossils;  without  chert  nodules 14 

Limestone,  argillaceous,  earthy,  in  layers  two  to  six  inches 
in  thickness;  containing  a  few  fossils.  On  weathered 
faces  thin  partings  of  shale  appear  between  the  layers. .     19 

tStone,  yellowish,  argillaceous,  bluish  gray  where  not  ex- 
posed to  the  action  of  the  atmosphere;  in  layers  one  to 
three  feet  in  thickness;  weathering  into  narrow  bands 
one  to  three  inches  thick.  Occasional  nodules  of  chert 
appear  in  lower  part 15 

Shale,  grayish  blue,   indurated,  calcareous,   weathers   into 

thin  bits;  without  fossils  but  carrying  a  few  chert  nodules      31^ 

Limestone,  impure,  rather  fine-grained,  yellow  colored,  much 
decayed  and  showing  numerous  close  lines  of  lamination        ^ 

Shale,  bluish  gray,  somewhat  indurated,   weathering  into 
:i|^                 small  polygonal  and  irregular  fragments,  without  fossils'.     10 
Shale,  blue,  plastic,  nonfossiliferous 30 

^^^^^C^^  above  section  number  8  represents  the  basal  portion 
.^e  Niagaran  limestone,  which  forms  an  overhanging  cliff, 
^^^bers  6  and  7  represent  the  transition  phase  of  the  Ma- 
qtioketa,  beds  which  have  been  quarried  to  a  limited  extent.  The 
shales  are  a  possible  source  of  materials  suitable  for  the  manu- 
facture of  Portland  cement. 

The  Niagaran  limestone  immediately  underlies  the  drift  over 
more  than  five-sixths  of  the  surface  of  the  county  and  supplies 
the  chief  rock  quarried,  for  both  lime  and  structural  purposes. 
All  of  the  beds  developed,  with  the  exception  of  a  small  area  in 
Brandon  township,  belong  to  the  Hopkinton  stage.  They  con- 
sist, for  the  most  part,  of  very  heavy  layers  of  subcrystalline 
dolomite  ranging  from  two  to  eight  feet  in  thickness  and  imper- 
fectly stratified.  The  basal  beds  form  an  almost  continuous 
outcrop  along  the  Mississippi  and  appear  in  Van  Buren  and 
Fairfield  townships.  Good  sections  appear  at  numerous  points 
belong  the  principal  streamways  in  the  interior  of  the  county. 
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From'  this  wealth  of  outcrops  only  a  few  quarry  sections  are 
given,  however,  sufficient  to  give  the  general  features  of  the  beds 
and  indicate  their  availability.  The  Hopkinton  is  represented 
by  a  basal  yellow  dolomite,  which  is  nonfossiliferous  and  free 
from  chert.  It  ranges  from  four  or  five  to  ten  or  twelve  feet  in 
thickness.  These  layers  are  overlain  by  the  chert  beds,  which 
consist  of  an  earthy  yellow  dolomite,  thinly  bedded  and  inter- 
stratified  with  bands  of  chert,  and  attain  a  thickness  of  from 
eighteen  to  twenty  feet.  The  chert  beds  are  followed  by  the 
massive,  granular  dolomite  which  constitutes  the  main  portion 
of  the  Hopkinton.  It  attains  a  thickness  of  from  fifty  to  eighty 
feet  and  is  used  extensively  in  the  manufacture  of  lime.  The 
following  sections  are  fairly  representative.  A  quarry  located 
near  the  northeast  corner  of  the  southwest  quarter  of  section 
20,  Iowa  township,  shows  the  following  succession  of  layers: 


7.  Dolomite,  decayed,  earthy,  yeUow,  containing  much  chert; 
the  bedding  planes  destroyed  by  the  breaking  down  of  the 
rocks  on  weathering 10 

6.    Dolomite,  yellow,  very  cherty,  weathering  into  layers  about 

one  inch  in  thickness 3 

5.    Dolomite,  very  cherty    2% 

4.    Dolomite,  earthy,  with  chert 2 

?.  Dolomite,  yellow,  bearing,  near  the  center,  a  band  of  chert 
two  inches  in  thickness.  Weathering  into  thin  layers  one 
to  two  inches  thick 2J/^ 

2.    Dolomite,  yellow,  free  from  chert i% 

1.    Dolomite,  yellow  colored,  rather  fine-grained,  without  chert, 

in  a  single  layer 2 

On  the  northwest  edge  of  Bellevue  is  the  Ernest  quarry,  in 
the  northeast  corner  of  section  13,  Bellevue  township.  It  is 
located  in  the  Niagaran  above  the  thin  transition  beds  at  the 
summit  of  the  Maquoketa.  It  shows  eight  feet  of  buff,  finely 
granular  dolomite  at  the  base,  in  layers  three  to  fourteen  inches 
thick,  some  of  them  solid,  some  shelly.  A  thin  band  of  chert 
extends  across  one  of  the  upper  beds.  One  of  the  lowest  ledges 
shows  blue  cores  in  the  center  of  the  blocks.  Above  these  is  a 
two  foot  ledge  then  an  eight  foot  layer.  Only  the  thin  beds 
below  the  two  foot  ledge  are  worked.  The  rock  seems  hard 
and  durable  and  well  adapted  for  road  use.  The  quarry,  how- 
ever, is  rather  difficult  of  access,  being  well  up  on  the  hillside. 
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On  the  south  side  of  Mill  creek  are  several  exposures  of  the 
transition  beds  from  the  Maquoketa  to  the  Niagaran.  They  are 
thin,  shelly,  soft,  probably  too  much  so  to  be  adaptable  for 
macadamizing.     In  addition  they  are  rather  inaccessible. 

The  above  sections  illustrate  the  basal  members  of  the  Niag- 
aran as  developed  in  the  county.  Numbers  1  to  3  represent  the 
non-cherty  members,  and  numbers  4  to  7  represent  the  chert 
beds. 

Hurst's  lime  quarry  section. east  of  the  river  at  Hurstville, 
shows  the  upper  member.    The  beds  are  as  follows : 

HURST'S  LIME  QUARRY  SECTION.  

FEET. 

3.  Dolomite,  somewhat  decayed,  yellowish  brown,  weathered 
into  layers  from  a  few  Inches  to  three  or  four  feet  thick; 
containing  Cerionites,  crinolds  and  Pentamerus 15 

2.  Dolomitei^  massive,  yellow,  imperfectly  separated  Into  layers 
six  to  eight  feet  in  thickness,  whif h  contain  crinolds  and 
Halysltes  and  Favosites  besides  numerous  individuals  of 
Pentamerus 30 

1.    Dolomite,  buff,  crowded  with  rather  small  individuals  of 

Pentamerus  ohtongus  8 

The  rock  of  the  upper  twenty  feet  of  the  section  is  harder 
than  the  lower  part  and  is  not  burned,  as  it  makes  a  brown  lime. 
The  lower  portion  is  lighter  colored,  not  so  brown  in  color.  The 
small  waste  from  the  quarry  is  used  without  crushing. 

At  the  Pinhook  quarry  in  section  23,  South  Fork  township, 
on  the  South  Fork,  the  upper  twenty  feet  is  used  for  road  work, 
also  the  waste  material,  ''gravel,''  from  the  lime  rock.  The 
upper  rock  is  said  to  be  harder  than  the  corresponding  ledges 
at  Hurstville. 

Niagaran  dolomite  ledges  outcrop  at  several  points  along  the 
road  west  of  Maquoketa,  as  in  sections  27  and  20,  South  Fork, 
and  between  Nashville  and  Millrock,  and  in  the  southwestern 
part  of  Monmouth  township  Bear  creek  has  cut  quite  a  deep 
gorge  exposing  the  rock  in  numerous  places. 

Spalls  from  the  quarry  at  the  Keystone  kiln,  section  32,  Mon- 
mouth, are  used  in  concrete  and  macadam.  All  the  rocks  in 
this  district  crush  up  rather  readily  and  make  some  dust,  but 
are  an  improvement  over  dirt  roads.    The  Niagaran  has  been 

28 
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used  extensively  in  Maqnoketa  but  the  work  was  not  well  done. 
The  city  hauls  rock  from  Hurstville  and  crushes  it  with  the  dty 
crusher. 

JASPER  COUNTY. 
Sand  and  Gbavkl. 

About  the  best  that  can  be  said  for  Jasper  county  is  that  good 
gravel  is  cheap  and  plentiful  in  adjoining  counties.  There  are 
a  number  of  sand  and  gravel  deposits  in  the  county,  but  they 
are  small  and  usually  of  poor  quality. 

Kame  deposits. — The  only  kame  deposit  in  the  county  which 
has  amounted  to  much  is  in  the  northern  part  of  section  33, 
Poweshiek  township.  The  sand  and  gravel  used  in  building 
the  concrete  streets  of  Colfax  came  from  here.  From  the  ap- 
pearance of  the  hill  there  is  probably  a  good  sized  deposit  of 
material  suitable  for  road  work.  There  are  a  few  smaller 
kames  in  other  parts  of  the  township,  but  none  are  of  much 
importance,  unless  the  one  in  the  northwestern  part  of  section 
18  proves  to  contain  sand  and  gravel.  Clear  Creek  township 
has  a  few  undeveloped  kames. 

Reworked  materials. — There  is  a  considerable  amount  of 
rather  fine  sand  in  Skunk  river  between  Reasnor  and  the  south 
Une  of  the  county,  but  no  evidence  of  gravel  is  to  be  seen.  There 
is  medium  and  coarse  sand  along  Indian  and  Wolf  creeks,  but 
again  gravel  is  absent. 

Other  sources. — There  is  some  gravel  and  gravelly  drift 
along  North  Skunk  river.  Gravel  is  exposed  in  a  few  places 
beneath  drift  or  loess  or  both  in  a  few  places  along  this  river 
as  in  section  35,  Malaka  township,  and  section  4,  Poweshiek 
township.  Sandy  iron-stained  Kan^an  drift  is  exposed  in  sec- 
tion 5,  Richland  township,  and  although  covered  with  ten  or 
twelve  feet  of  loess  it  may  prove  of  value. 

Stone. 

All  of  the  Paleozoic  rocks  exposed  in  Jasper  county  belong 
tx)  the  Des  Moines  stage  of  the  Upper  Carboniferous  series. 
They  cover  the  entire  county,  with  the  exception  of  a   small 
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triangular  area  of  Kinderhook  in  the  extreme  northeast  corner, 
and  consist  of  interstratified  shales,  sandstones,  coal  and  occa- 
sional thin  beds  of  limestone.  However,  their  character  varies 
rapidly  from  place  to  place.  The  shales  are  prevailingly  sandy 
and  grade  laterally  into  argillaceous  sandstones.  The  sand- 
stone layers  are  in  places  calcareous  and,  especially  in  connec- 
tion with  certain  coal  seams,  pass  into  arenaceous  limestone. 
Limestones  of  the  darker  colored  variety  occur  as  lenses  and 
concretionary  masses  in  some  of  the  coal  basins. 

In  Jasper  county  the  rocks  of  the  Des  Moines  stage  are  almost 
universally  covered  with  drift.  Exposures  are  not  numerous 
as  a  rule,  but  are  found  fairly  well  distributed  over  the  south- 
em  half  of  the  county.  Although  the  best  sections  are  to  be 
observed  along  stream  ways,  natural  outcrops  are  not  lacking 
over  the  uplands  away  from  the  streams. 

Sandstone  from  the  coal-bearing  strata  has  been  quarried  at 
three  known  localities:  section  34,  Des  Moines  township;  in  a 
railroad  cut  in  section  30,  Fairview ;  and  two  miles  above  Lynn- 
ville,  in  the  valley  of  North  Skunk  river.  At  the  latter  place 
only  is  quarrying  at  present  carried  on  in  the  county.  The 
exact  location  is  the  northeast  quarter  of  the  northeast  quar- 
ter of  section  34,  Eichland  township.  The  quarry  section  at 
this  point  is  as  follows: 


5.    Weathered  shale  5 

4.    White  sandstone,  soft,  grading  downwards  Into  pink,  brown 

and  red  5V^ 

3.    Plastic,  white  clay J^ 

2.  Sandstone,  red  to  brown,  compact;  containing  many  small 
cavities  lined  with  plastic  clay,  or  containing  pulverulent, 
red  ocher.    Micaceous,  with  fossil  lepidodendrons 15 

1.    Carbonaceous  shale   1% 

The  total  thickness  of  salable  stone  is  in  number  2,  fifteen 
feet.  It  is  evident  that  considerable  stripping  of  the  overlying 
shales  is  required.  The  quarry  is  worked  by  William  Northcutt. 
Three  hundred  perches  per  year  is  the  output.  The  stone 
is  durable,  and  supplies  the  local  demand  for  cellar  and  foun- 
dation walls. 
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RED  ROCK  SANDSTONE. 

This  formation  is  included  in  the  Des  Moines  stage  of  the 
Upper  Carboniferous,  but  it  may  be  differentiated  from  the 
Coal  Measures  proper  because  of  its  uniformity,,  and  the  some- 
what unique  relation  -which  it  appears  to  bear  to  the  other 
members  of  the  series.  In  Jasper  county  it  occupies  a  narrow 
elongated  area  coinciding  in  direction  and  corresponding  in 
width  with  the  territory  covered  by  it  in  Marion  county.  The 
general  trend  is  northeast-southwest,  and  in  width  it  averages 
two  and  one-half  to  three  miles,  tapering  to  the  northward. 

Outcrops  of  this  rock  are  to  be  seen  at  various  points  near 
Reasnor,  on  both  sides  of  Skunk  river;  along  Buck  creek;  on 
Elk  creek  near  Murphy ;  along  North  Skunk  river  in  the  vicinity 
of  Kellogg;  and  on  Eock  creek  in  sections  9,  16  and  17  of  Rock 
Creek  township. 

Quarrying  has  been  done  at  several  points  in  the  county  in 
the  belt  of  Red  Rock  sandstone,  which  affords  the  only  extensive 
deposits  of  building  stone  in  the  county. 

In  section  17,  Rock  Creek  township,  the  old  Morgan  quarry, 
on  the  land  of  G'.  M.  Henning,  was  opened  over  forty  years  ago. 
A  face  .twelve  feet  in  height  is  exposed,  consisting  of  a  heavy 
bed  of  brown  stone  separated  by  two  feet  of  shattered  rock 
from  a  four  foot  stratum  of  compact,  reddish  brown  sandstone. 
Similar  strata  have  been  worked  both  above  and  below  this 
quarry  in  the  valley  of  Rock  creek  and  its  branches. 

One  mile  east  of  Kellogg  the  brown  sandst6ne  has  been  quar- 
ried quite  extensively  in  the  past  by  the  Chicago,  Rock  Island 
and  Pacific  Railway  Company.  Fifteen  feet  of  the  sandstone 
are  open  to  view.  Large  plans  appear  to  have  been  made  here 
for  the  development  of  these  quarries,  but  no  work  has  been 
done  for  years. 

On  the  hill  slope  a  short  distance  north  of  the  town  of  Beas- 
nor,  fourteen  feet  of , the  sandstone  may  be  observed  in  a  small 
quarry;  the  prevailing  color  is  brown,  approaching  a  red  in 
places.  The  sand  grains  are  at  times  so  coarse  and  irregular 
in  size  as' to  give  the  rock  a  finely  conglomeratic  texture.  Many 
of  the  largest  grains  are  of  a  jaspery  nature,  and  some,  ap- 
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preaching  a  pebble  in  size,  appear  to  be  fragments  of  an  earlier 
sandstone.  Cross-bedding  is  not  uncommon.  The  base  of  this 
exposure  is  about  sixty  feet  above  the  flood  plain.  In  detail, 
this  section  is  as  follows: 


7.  Loess,  becoming  fine  sand  on  the  hllHop 4 

6.  Buff  sandstone,  micaceous  % 

5.  Brown  sandstone,  cross-bedded 2 

4.  Heavy-bedded  sandstone,  conglomeratic 2% 

3.  Laminated,  red  and  gray  sandstone,  cross^bedded 1^ 

2.    Heavy   bed   of   brown  j3andston«,   containing   ferruginous, 

sometimes  hollow  nodules   4% 

1.    Like  No.  2,  to  base  of  quarry 3 

In  the  northwest  quarter  of  section  21,  Buena  Vista  township, 
on  Elk  creek,  there  is  exposed  in  two  small  quarries  a  maximum 
thickness  of  twenty-two  feet  of  the  sandstone.  It  exhibits  the 
same  characters  as  in  former  sections  as  to  bedding  and  color. 
Some  of  the  red  is  to  be  seen  but  the  brown  variety  prevails. 
In  the  Lanphear  quarry  the  jaspery,  quartzitic  bands  are  quite 
pronounced,  as  are  also  the  spheroidal  nodules.  The  latter  fre- 
quently consist  of  concentric,  ferruginous  shells  between  which 
sandstone  is  intercalated.  The  greatest  thickness  of  beds  is 
found  in  the  old  Dooley  quarry,  where  the  ferruginous  bands 
appear  as  firm  crusts  of  siliceous  limonite,  separating  the  major 
beds  of  the  section.  The  rock  is  coarse  in  texture,  friable,  and 
varies  in  color  from  gray  to  deep  red.  All  the  layers  seem  to 
be  thoroughly  impregnated  with  iron  oxide. 

One  mile  south  of  Eeasnor,  at  ** Stony  Point,''  the  brown 
sandstone  has  been  quarried  in  the  past. 

The  most  extensive  quarrying  operations  in  the  county  were 
formerly  carried  on  at  the  old  Kemper  quarry  in  section  8, 
Fairview  township:  The  rock  was  quite  widely  known  as  the 
Monroe  red  sandstone,  although  both  red  and  brown  stone 
were  taken  out.  John  Reinhart  took  stone  from  here  forty  years 
ago,  and  worked  the  quarry  for  twenty-five  years.  E.  G.  Kemp- 
er produced,  in  seven  or  eight  years  of  his  possession,  some 
cut  and  dressed  stone,  and  at  one  time  employed  as  many  as 
twenty  men.  Considerable  stone  was  shipped.  The  present 
owner,  A.  Herwehe,  has  put  out  very  little  stone  in  the  last  two 
years,  although  there  is  a  fair  demand  locally. 
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Mr.  B.  L.  Miller*  has  briefly  described  this  quarry  exposure 
as  follows: 


4.   Sou  1 

3.    Weathered,  brown  Bandstone  9 

2.    Heavy  .beds,  yellow-gray,  variegated 10 

1.    Dark  red  sandstone,  heavy-bedded 8 

Two  small  quarries  are  opened  here  and  both  the  brown  and 
the  Ted  stone  have  been  taken  out.  Cross-bedding  is  very  con- 
spicuous in  the  upper  part  of  the  section.  The  change  in  color 
is  gradual  from  the  top  downwards,  and  appears  to  be  due  to 
the  degree  of  leaching  and  hydration  which  the  rock  has  under- 
gone. Chemical  tests  of  the  brown  sandstone  show  a  loss  on 
ignition  of  3.8  per  cent,  and  16.27  per  cent  of  iron  and  aluminum 
oxides.  The  dark  variety  pulverizes  to  a  deep  red  and  ocherous 
powder,  and  analyzes  31.5  per  cent  FcaOa.  At  one  point  in 
section  21  of  Fairview  township  a  weathered  outcrop  of  the 
red  stone  occurs  from  which  the  resulting  ocherous  iron  oxide 
has  been  taken  for  mineral  paint.  In  places  in  both  the  red  and 
brown  sandstone,  bands  or  nodules  of  a  dense,  flinty  character 
occur,  which  appear  to  be  quartzitic  in  nature  and  origin. 

The  following  description  of  the  sandstone  points  out  its 
chief  characteristics:^ 

**It  is  a  moderately  coarse-grained  stone,  with  some  range  of 
color  and  texture  and  corresponds  in  general  with  the  Red  Bo<^ 
stone  which  has  been  more  widely  marketed  ...  As  will  be 
seen  from  the  tests,  it  is  an  excellent  stone  and  might  be  used 
to  advantage  in  all  structures  similar  to  those  in  which  brown 
stone  has  been  used  so  extensively  in  the  east.  Under  the 
microscope  it  seems  to  be  made  up  of  rather  coarse  and  rounded 
grains  of  quartz  cemented  by  a  matrix  of  red-brown,  iron- 
stained  material  which,  judging  from  the  analysis,  is  largely 
ferric  oxides,  but  contains  also  some  aluminous  material.  The 
sand  grains  are  rarely  in  contact;  the  interstitial  areas  being 
usually  as  large  as  the  cross-section  of  the  individual  grains." 

The  chemical  analysis  of  this  stone  as  given  on  page  412  of 
Dr.  Bain's  paper,  is  as  follows: 

•Geology  of  Marion  county,  Ann.  Rep.  Iowa  Geol.  Surv..  Vol.  XI.  p.  159,  1900. 
tH.  P.  Bain,  Iowa  Geol.  Survey,  Vol.  VIII,  p.  398. 
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SiOi    84.86  per  cent 

AIiO.    8.62   "      " 

FeO+FeK)s    5.59   "      " 

CaO    88   <'      " 

HtO-t-loBB   43? 


«      « 


The  Bed  Bock  sandstone  constitutes  the  most  important 
source  of  building  stone  in  the  county.  There  are  unlimited 
quantities  available  and  it  merits  a  much  wider  use  than  it  has 
at  present. 

The  Coal  Measures  sandstone  in  Jasper  county,  as  elsewhere, 
is  not  sufficiently  indurated  for  high  grade  crushed  stone  prod- 
ucts. As  the  county  is  near  enough  to  draw  on  the  Des  Moines 
river  supply  of  sand  and  gravel  expensive  development  work 
for  stone  is  scarcely  warranted. 

JEFFERSON  COUNTY. 
Sard  and  Gbavkl. 

With  the  exception  of  a  few  exposures  of  dirty  sand  and 
gravel  sparingly  distributed  in  the  eastern  tier  of  townships, 
Jefferson  county  is  practically  devoid  of  water-laid  materials. 
Most  of  the  cement  and  concrete  materials  used  in  the  county 
are  shipped  from  Ottumwa. 

In  reference  to  gravels,  Mr.  J.  A.  Udden  in  a  report  on 
Jefferson  county*  says:  '*In  the  eastern  part  of  the  county  a 
few  places  were  noted  where  gravels  and  sands  rest  on  bed 
rock  and  are  covered  by  bowlder  day.  The  most  extensive 
exposure  of  this  kind  is  at  the  southwest  comer  of  section  1, 
Walnut  township,  in  the  south  bank  of  a  ravine  which  is  fed 
by  a  number  of  springs  that  issue  from  the  gravel  at  intervals 
for  a  distance  of  some  thirty  rods.  The  deposit  is  fully  twenty 
feet  thick  and  lies  at  ai;  elevation  of  about  100  feet  above  Skunk 
river.  To  the  west  it  is  covered  by  bowlder  day  and  for  a 
mile  in  this  direction  there  are  wells  in  which  the  water  comes 
from  the  same  gravel,  and  has  a  strong  mineral  taste.  The 
deposit  is  highly  ferruginous  and  almost  ocherous,  brownish 
yellow  in  color,  and  in  places,  cemented  into  a  soft  stone.  The 

*I<rwa  Geolosrical-  Survey,  Volume  XII. 
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lower  part  is  gravel,  but  the  upper  fifteen  feet  are  evenly 
bedded,  laminated  sand  of  variable  texture,  with  here  and 
there  silty  seams.  Deposits  like  this,,  but  more  silty,  were  noted 
in  the  base  of  the  drift  at. two  other  localities  in  this  region; 
on  the  wagon  road  at  a  shallow  draw  near  the  center  of  the 
west  line  of  the  northwest  quarter  of  section  12  in  Walnut 
township  and  at  the  base  of  the  bluflf  in  the  wagon  road  which 
leads  down  to  the  ford  across  Skunk  river  in  the  east  southeast 
quarter  of  section  11  in  Lockridge  township.  Some  indurated 
brown  gravel  or  sand  was  again  noted  in  the  south  bank  of 
a  ravine  above  the  wagon  bridge  near  the  southeast  corner  of 
section  24  in  Bound  Grove  township.  The  section  at  this  place 
was  as  follows: 


4.    Bowlder  clay  (Interbedded  with  No.  3). 

3.    Sand  and  grayel,  yellow,  quite  evenly  bedded 5 

2.    Sandstone,   brown,  hard  enough  to  be  used  for  building 

stone 1% 

1.    Sand  and  gravel,  slightly  indurated,  brown. 4 

*  *  The  same  gravel  occurs  in  the  two  next  streams  which  cross 
the  east  boundary  of  the  county  to  the  south  of  this  place,  and 
it  was  also  noticed  resting  on  the  bed  rock  in  two  ravines  run- 
ning into  Cedar  creek  in  the  southwest  quarter  of  section  35 
of  Lockridge  township.'* 

The  age  of  these  gravels  is  problematical.  From  their  strati- 
graphic  position  they  could  be  either  a  glacial  or  a  preglacial 
formation.  Pebbles  of  igneous  origin  are  a  point  in  favor  of 
glacial  origin,  but  the  fact  that  out  of  500  of  them  none  were 
found  scored  is  strongly  against  such  origin.  Another  fact 
supporting  a  preglacial  age  is  that  the  proportion  of  different 
rocks  is  quite  variable  for  different  localities  and  in  glacial 
deposits  this  proportion  is  fairly  constant  in  the  same  region- 
Mr.  TJdden  also  notes  that,  '*The  degree  of  induration  and  the 
thoroughness  of  oxidation  and  leaching  also  indicate  a  con- 
siderable age  for  these  gravels.*'  Calcareous  materials  are  al- 
most entirely  absent.  Some  unique  pebbles  testify  to  this  ex- 
treme leaching.  On  section  1  in  Walnut  township,  the  gravel 
contains  some  pebbles  of  limonite  which  are  hollow.  They  are 
the  shape  and  size  of  an  empty  shell  of  a  hazel  nut.    Presum- 
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ably  these  limonite  shells  have  been  formed  as  incrustations 
around  calcareous  pebbles,  which  afterward  have  been  leached 
out  by  slow  percolation  through  the  crust,  leaving  this  empty. 
The  overlying  bowlder  clay  resembles  the  Kansan,  but  an  earlier 
clay  may  have  been  removed.  Since  some  of  the  facts  are  con- 
tradictory and  others  prove  nothing  either  way  the  age  and 
origin  of  these  gravels  is  uncertain. 

Gravel  is  unknown  save  in  the  three  eastern  townships,  and 
the  same  can  be  said  of  sand  with  one  exception.  Part  of  the 
sand  used  in  Fairfield  comes  from  a  small  creek  a  mile  and  a 
half  south  of  town,  while  the  rest  is  shipped  in  from  Ottumwa. 

Stork. 

Jefferson  county  belongs  to  the  region  of  thick  drift,  which, 
according  to  Udden,  averages  one  hundred  and  fifteen  feet  in 
thickness  over  the  entire  county.  Both  the  drift  and  the  Coal 
Measures  have  been  completely  removed  by  the  principal 
streams  in  Penn,  Walnut  and  Lockridge  townships  in  the  north- 
east, and  to  a  less  extent  in  Bound  Prairie,  Cedar  and  Liberty 
townships  bordering  on  the  south  line  of  the  county.  Numerous 
outcrops  of  Saint  Louis  limestone  appear  in  all  of  these  town- 
ships. As  a  rule,  such  exposures  are  of  small  extent  and  often 
much  obscured  by  the  heavy  talus  almost  everywhere  present. 
While  the  county  has  produced  a  large  quantity  of  stone  for 
local  use,  and  is  capable  of  producing  much  more,  there  is  not 
a  single  worker  in  the  county  who  depends  upon  the  quarry 
industry  for  a  livelihood. 

The  following  sections  will  give  a  fair  idea  of  the  natural 
resources  of  the  county  along  this  line. 

Walffren's  Quarry,  southwest  quarter  of  the  southeast  quar- 
ter of  section  3,  Lockridge  township. 


4.  Soil  and  drift  of  variable  thickness. 

3.  Clay   and   marl,   yellow 3^ 

2.,  Limestone,  dark  gray,  porous,  somewhat  cherty  in  places. .  7 

1.  Ldmestone,  grayish  yellow,  exposed 5 

Monson'8  Quarry,  northeast  quarter  of  the  northwest  quar 
ter  of  section  8,  Lockridge  township. 


362  ROAD  AND  CONCRETE  MATERIALS  IN  IOWA 


6.    Soil  and  drift  of  variable  thlcknesB. 

5.    Liim«8tone,    compact,   fine-grained,   almost    lithographic   in 

texture,  pyritic   1'/^ 

4.    Limestone,  soft,  gray,  in  thin  beds 2 

3.  Limestone,  gray,  in  a  single  ledge 214 

2.  Limestone,  dark  gray,  compact  and  slightly  bituminous M* 

1.  Marl,  blue,  shaly,  exposed % 

Numerous  sections  are  exposed  along  Walnut  and  Burr  Oak 
creeks  and  their  tributaries  in  the  three  northeastern  town- 
ships. The  hard  beds  are  quite  generally  brecciated  and  are 
associated  with  marly  and  shaly  layers. 

In  the  southern  portion  of  the  county  outcrops  are  fewer. 
Near  the  south  line  of  Round  Prairie  township,  a  quarry  has 
been  opened  in  the  southwest  quarter  of  the  southeast  quarter 
of  section  34.     The  section  is  given  herewith. 

FEET. 

4.  Soil  and  drift  of  variable  thickness. 

3.  Marl,    gray,    fossiliferous 2 

2.  Limestone,  -white,  with  a  ledge  of  very  fine,  almost  litho- 

graphic texture 2 

1.    Limestone,  gray,  in  ledges  varying  from  six  inches  to  one 

foot  in  thickness,  with  shaly  parting  near  the  middle 5 

Other  exposures  occur  in  Round  Prairie,  Cedar  and  Liberty 
townships.  Quarrying  has  also  been  done  to  the  northeast  of 
the  center  of  section  10,  in  Liberty  township.  The  beds  worked 
are  as  follows: 


7.    Soil  and  drift  of  variable  thickness. 

6.    Shale,  green,  pockety,  belonging  to  Coal  Measures. 

5.    Limestone,    gray,    weathering    into   rounded    bowlders,    in 

places  with  small  crevices  filled  with  calcite,  fossiliferous      4 

4.    Marl,  light  colored,  with  occasional  stone  concretions,  fos- 
siliferous        2 

3.    Limestone,  gray    % 

2.    Marl,  similar  to  number  4 3 

1.    Limestone,  gray,  pyritic  3 

Practically  all  good  quarry  stone  belongs  to  the  Pella  beds, 
and  comprises  heavy  ledges  of  compact  limestone,  alternating, 
especially  above,  with  seams  of  greenish,  marly  shales.  Occa- 
sionally the  limestone  is  slightly  broken  up  and  brecciated,  but 
to  a  much  less  extent  than  the  Verdi  beds  below.    Some  of  the 
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beds  are  almoet  lithographic  in  character.    The  beds  are  usually 
more  or  less  pyritic  throughout. 

JOHNSON  COUNTY. 
Sand  and  Gbavkl. 

Sand  and  some  gravel  may  be  obtained  from  Iowa  river  in 
the  vicinity  of  Iowa  City.  Good  gravel  is  relatively  scarce. 
Sand  of  fair  quality  may  be  found  in  low  terraces,  sand  flats 
and  bars  along  the  river  and  its  immediate  tributaries.  Sand 
deposits  also  occur  in  the  lowan  drift  area  southeast  of  Solon. 
Sand  is  scarce  in  the  southwestern  portion  of  the  county. 

While  the  older  gravels  are  believed  to  be  present,  they  are 
ahnost  wholly  concealed  by  the  later  drifts  and  are,  therefore, 
not  available. 

Stone. 

The  Niagaran  limestone  occupies  a  small  triangular  area  in 
the  northeast  comer  of  the  county.  The  two  phases  of  the 
Gower  stage,  well  marked  in  other  counties,  are  represented 
in  section  2  along  Cedar  river  in  Cedar  township.  The  hard, 
fine-grained,  subcrystalline,  light  cream-colored  dolomite,  ag- 
gregating twenty  feet  in  thickness,  represents  the  LeClaire 
beds,  while  the  massive,  vesicular,  laminated  dolomite,  aggre- 
gating forty  feet  in  thickness,  is  referred  to  the  Anamosa  stage. 

A  complete  section  of  the  bluff  which  faces  Cedar  river  in 
sections  2  and  3  in  Cedar  township  is  as  follows : 


5.    Loess,  arenaceous,  light  colored 2-4 

4.    Drift,  pebbly,  containing  a  large  number  of  bowlders  from 

one  to  three  or  four  feet  in  diameter 4-6 

3.    Limestone,  laminated,  without  definite  partings,  cherty 30 

2.    Limestone,  yellow,  nonlaminated,  in  layers  from  four  to 

eleven  inches  in   thickness 10 

L    Dolomite,  light  colored,  subcrystalline 20 

Number  1  represents  the  LeClaire  horizon  and  is  essentially 
a  pure  dolomite  admirably  adapted  for  the  manufacture  of  a 
high  grade  of  lime.  Numbers  2  and  3  belong  to  the  Anamosa 
beds  and  have  long,  found  favor  with  the  quarrymen,  although 
the  beds  have,  never  been  developed  extensively  on  account,  ^f 
lack  of  transportation  facilities. 
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Bocks  of  Devonian  age  immediately  underlie  the  drift  over 
more  than  half  of  the  county.  Numerous  exposures  occur  along 
Iowa  river  and  its  more  important  tributaries.  The  beds  rep- 
resented are  referred  to  three  well  known  substages  of  the 
Devonian.  The  lowest  belong  to  the  brecciated  stage  of  the 
Wapsipinieon  and  are  exposed  at  only  a  few  points  in  the  north- 
eastern portion  of  the  county.  These  beds  have  been  quarried 
in  a  small  way  at  Solon  and  near  Elmira.  The  layers  are  much 
shattered  as  a  rule,  and  the  blocks  obtainable  are  rough  and 
poorly  shaped  for  structural  purposes.  The  stone  supplied 
from  these  beds  is  of  local  interest  only. 

The  Cedar  Valley  stage  is  well  developed  and  affords  the 
largest  number  of  Outcrops.  Quarries  have  been  opened  and 
operated  at  numerous  points.  A  few,  only,  are  given  for  refer- 
ence. The  majority  of  the  openings  are  without  transportation 
facilities  but  show  the  latent  wealth  of  the  county  in  structural 
materials.  A  quarry  opened  south  of  the  old  Terrill  mill  in 
Iowa  City  shows  the  following  succession  of  beds: 

TERRILL.  MILL.  SECTION. 

8.    Hard,  ferruginous,  reddish  brown  sandstone  of  Dee  Moines 

stage,  Upper  Carboniferous 6 

7.    Limestone,  whitish   gray,  fine-grained 8 

6.    Idiostroma  beds,  containing  as  usual  many  massive  strom- 

atoporoids  and  some  coralla  of  Aoervularia 15 

5.    Limestone,   heavy,    tough   ledge 4 

4.  Limestone,  (bluish  gray,  weatherfaig  yellow,  containing  large 
coarse-ribbed  Atrypas  and  the  small  branched,  small 
celled  Oladopora  found  at  same  horizon  in  Eieher's 
quarry    8 

3.    Limestone,  bluish  gray,  in  two  ledges,  first  ledge  containing 

many  crinoid  stems  4 

2.    Ck>ral  reef  2 

1.    Limestone,  bluish,  with  great  numbers  of  broken,  crushed, 
detached  valves  of  Spirifer  parryanua  and  the  robust, 
large  celled  Oladopora  (C  iawensU  Owen  sp.)  described 
as  Striatopora  rugoaa  by  Hall   2 

The  coral  reef  bed  is  very  persistent  and  constant.  The  beds 
above  the  reef  vary  considerably.  In  places  they  are  hard 
bluish  gray  limestone,  in  other  places,  partly  on  account  of 
weathering,  they  are  yellow  limestone  and  in  still  other  locali- 
ties they  present  the  appearance  of  yellow  calcareous  shales. 
At  the  old  railway  quarry  on  the  west  bank  of  the  river  north 
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of  Coralville,  the  following  beds  may  be  seen  beneath  the  over- 
lying loess  and  drift : 

CORALVILLE   SECTION. 

FEItl. 

5.    Limestone,  white 12 

4.    Limestone,   stratum   crowded    witli   casts    of   Straparollua 

oycIottomiM  Hall   IM: 

3.  Limestone  weathering  into  thin  fragments,  containing  some 
specimens  of  Idiostroma  and  colonies  of  a  cylindrical 
Favosites    4 

2.  Limestone,  gray,  crowded  with  Idiostroma  and  other  stro- 
matoporoids.  This  with  No.  3  represents  the  Idiostroma 
beds  of  preceding  sections 8 

1.    Limestone,   hard,   blue,   containing  some   large   coralla   of 

Acervularia    4 

These  beds  were  formerly  worked  by  the  Bock  Island  Bail- 
way  Company  for  Crushed  stone.  A  switch  was  extended  to 
the  quarry  and  a  large  amount  of  railway  ballast  produced. 
One  of  the  most  extensive  quarry  sections  may  be  observed  on 
the  east  bank  of  Iowa  river  in  tHe  northwest  quarter  of  section 
27,  Newport  township.  The  following  beds  below  the  loess 
and  drift  are  exposed: 


9.  Limestone,  brown,  with  crinoid  stems,  a  Cladopora  related 
to  the  form  described  by  Hall  as  Striatcpora  ruffosaj  but 
having  the  branches  and  polyp  tubes  yery  much  smaller, 
and  a  large  coarsely  ribbed  yariety  of  Atrypa  reticularis      4 

8.    Limestone,  ^rab,  granular,  no  fossils S 

7.  Coral  reef  composed  chiefly  of  coralla  of  AcervtOaria  david- 
soni  B.  A  H.,  but  containing  many  coralla  of  Favosites 
and  Ptychophyllum  2 

6.  Limestone,  moderately  hard  bed  with  crinoid  stems,  Spirifer 
parry anu9,  Atrypa  reticularis,  Fayosites,  Cyathophyllum, 
Cystiphyllum,  etc 1%. 

5.  Limestone,  shaly,  with  many  small  crinoid  stems,  Ohonetea 
scitula  Hall,  Spirifer  parryanus  Hall,  TentacuUtes  hoyti 
White,  and  MonticuUpora  monticola  Wbite 1^ 

4.  Limestone,  hard  ledge  with  many  small  crinoid  stems, 
Cladopora,  Ptychophyllum  and  some  large  coralla  of 
Acervularia 2 

3,    Limestone,  yellow  shaly  bed  with  Atrypa,  Orthis,  etc 2 

2.     Limestone,  yellow  and  gray,  shaly,  without  fossils. 13 

1.  Limestone,  moderately  hard,  intersected  by  a  number  of 
oblique  Joints,  light  colored,  laminated,  with  many  stem 
segments  and  some  perfect  calyces  of  Megistocrinus  and 
other  species  characteristic  of  the  Megistocrinus  fauna. 
Megristocrinus  beds    15 
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The  quarry  north  of  the  iron  bridge  in  section  25,  Jefferson 
township,  shows  some  modifications  of  the  succession  of  strata 
occurring  farther  down  the  river.     The  section  is  as  follows: 


10.     Loess 2-10 

9.    Pebbly  drift,  Kansan  / 3 

8.  Limestone,  decayed,  with  bowlders  of  disintegration  em- 
bedded in  highly  oxidised  dark  reddish  brown  residual 
clay  3 

7.    Limestone,  light  colored,  evenly  bedded,  fine-graine4 10 

6.  Coral  breccia,  composed  of  coralla  of  Acervularia,  small 
cylindrical  Favosites,  a  peculiar  Diphyt)hyllum,  a  very 
elongated  Cyathophyllum,  Idiostroma  and  massive  strom- 
atoporoids 5-8 

5.    Reef  of  closely  crowded  masses  of  Acervularia 2 

'  4.  Limestone,  regular  heavy  layers  of  fairly  good  quarry  stone, 
containing  coralla  of  Acervularia  and  Favosites  spardely 
distributed  ' : 5 

3.    Limestone,  blue,  in  layers  from  6  inches  to  2- feet  thick, 
composed  of  fragments  of  crinoids  and  broken  shells  of' 
brachiopods    .  .* 7 

2.    Shale  and  shaly  limestone •       1% 

1.    Limestone,  heavy,  b)ue,  with  concretions  of  pyrites 2 

Nearly  all  of  the  beds  given  in  the  above  sections  supply  ma- 
terials suitable  for  foundations  and  rough  masonry  and  have 
been  so  used  to  some  extent  at  one  time  or  anotlier. 

The  uppermost  member  of  the  Devonian  as  developed  in  the 
county  has  been  named  the  State  Quarry  Limestone  by  Profes- 
sor Calvin,  and  is  not  known  to  occur  in  any  other  county  in 
the  state.  The  formation  is  assigned  to  the  Upper  Devonian 
and  attains  a  thickness  of  forty  feet,  and  while  it  has  been 
recognized  at  a  number  of  points  in  the  county,  it  is  typically 
developed  at  the  State  Quarries,  or  Nori;h  Bend  quarries,  in 
sections  5  and  8  of  Penn  township.  On  fresh  fracture  the  State 
Quarry  rock  is  light  gray  in  color.  In  texture  it  varies  some- 
what in  different  beds  but  near  the  middle  of  the  formation 
it  is  composed  of  coarse,  imperfectly  comminuted  fragments  of 
brachiopod  shells  cemented  together,  the  spaces  being  filled 
with  interstitial  calcite.  The  shells,  or  fragments  of  shells, 
making  up  the  limestone  are  not. embedded  in  a  matrix  but 
are  simply  piled  on  each  other  and  cemented. 
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Near  the  middle  of  the  formation  the  rock  consists  of  thick 
ledges  which,  some  years  ago,  were  worked  extensively.  From 
these  beds  came  the  large  limestone  blocks  used  in  the  founda- 
tion of  the  new  state  capitol.  Although  the  ledges  show  no  defi- 
nite lamination,  and  split  as  readily  in  one  direction  as  another, 
the  weathered  surfaces  on  opposite  sides  of  the  numerous  joints 
often  show  obscure  signs  of  oblique  bedding.  The  chief  quarry 
ledge  is  five  feet  thick  and  rests  on  a  four  foot  ledge  which  is 
not  used.  The  next  usable  ledge  in  ascending  order  is  also  five 
feet  in  thickness  and  is  separated  from  the  first  by  two  or 
three  feet  of  talus.  The  fourth  ledge  is  four  feet  thick  and  is 
very  fine-grained.  Above  this  the  beds  range  from  six  inches 
to  two  feet  in  thickness;  these  beds  are  made  up  wholly  of 
crinoidal  remains.  Below  the  first  heavy  ledge  mentioned  rock 
is  thinly  bedded. 

While  there  is  still  a  large  amount  of  excellent  material  for 
bridge  work  and  massive  masonry  available  the  lack  of  proper 
transportation  facilities  has  caused  the  temporary  abandon- 
ment of  the  quarry. 

JONBS  COUNTY. 
Sand  and  Obavel. 

The  gravel  deposits  along  Maquoketa  river  in  Delaware 
cotmty  are  continued  into  Jones  at  least  as  far  south  as  Mon- 
ticello.  In  the  northern  part  of  Monticello  township  terraces 
are  not  prominent  but  there  are  great  quantities  of  sand  along 
the  river  valley.  In  the  south  half  of  section  9  the  Chicago, 
Milwaukee  &  Saint  Paul  Railway  has  opened  up  an  immense 
pit  in  these  sands.  The  pit  is  forty  feet  deep  and  the  top  of  the 
bed  is  at  the  same  level  as  the  adjoining  prairie.  The  sand  is 
fresh,  fine  and  dean,  without  bowlders,  and  with  no  foreign 
pebbles  over  an  inch  in  diameter  although  some  chert  frag- 
ments are  mingled  with  the  finer  material. 

About  one-half  mile  southeast  of  the  pit,  in  the  northeast 
quarter  of  section  16,  a  small  gully  in  the  roadside  shows  red, 
oxidized  gravels  resembling  those  of  Buchanan  age.  There 
seems  to  be  considerable  sand  and  gravel  in  this  neighborhood 

24 
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but  as  the  surface  of  the  deposit  blends  with  the  general  level 
its  extent  cannot  be  determined.  A  little  nearer  the  river  is  a 
istone  quarry  in  which  the  stone  rises  nearly  to  the  surface  while 
across  the  road  a  cemetery  which  lies  between  the  gravel  ex- 
posure and  the  river  shows  gravel,  geest  and  loose  rock  in  the 
excavations.  It  seems  probable  that  whatever  beds  of  gravel 
there  are  In  this  vicinity  are  banked  against  an  old  rock-walled 
valley  and  probably  do  not  extend  very  far  back  from  the  present 
valley  wall. 

A  large  part  of  the  city  of  Monticello  is  built  upon  a  broad, 
rather  low  flood  plain.  In  a  few  places  Buchanan  gravels  are 
exposed  in  excavations  but  there  do  not  seem  to  be  any  well 
marked  terraces  or  other  deposits.  On  the  left  bank  of  the 
river  below  the  lower  bridge  is  a  large  terrace  deposit  and  at 
the  power  plant  Mr.  H.  J.  Lang  has  opened  a  pit  for  the  pur- 
pose of  securing  gravel  for  making  concrete  for  reenforcing 
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the  dam.  This  gravel  is  said  to  have  given  excellent  satisfac- 
tion. One  part  of  cement  was  used  to  six  or  eight  of  gravel 
The  pit  shows  about  one  foot-  of  loam  at  the  top,  probably 
chiefly  alluvinm,  then  one  to  three  feet  of  sand  and  clayey  sand. 
Below  this  bed  are  four  to  eight  feet  of  gravel  considerably 
stained  and  cemented  with  iron  oxide  in  the  upper  part  but  clcfan 
below.  The  coarser  material  shows  a  considerable  proportion 
of  limestone  and  chert,  and  the  whole  deposit  is  quite  irregu- 
larly bedded.  This  gravel  bed  becomes  finer  below  and  grades 
into  sand  at  the  bottom  of  the  pit.  Both  the  gravel  and  the 
underlying  sand  are  very  free  from  clay  or  similar  impurities. 
This  terrace  extends  back  from  the  river  for  several  hundred 
feet  and  also  for  a  considerable  distance  along  the  valley.  It 
must  contain  a  practically  exhaustless  quantity  of  material  of 
excellent  quality  for  road  and  especially  for  concrete  and  plas- 
tering purposes.     Most  of  the  gravel  at  present  used  in  the 
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town  is  taken  from  the  river,  but  this  terrace  material  is  said 
to  give  better  results. 

Gravels  and  sands  occur  along  Wapsipinicon  river  between 
Anamosa  and  Hale  although  not  so  abundantly  as  along  other 
streams.  Near  the  northeast  corner  of  section  14  and  near  the 
center  of  the  east  line  of  section  13,  Faimew  township,  are 
exposed  beds  of  gravel  near  the  river,  and  in  the  wide  plain 
between  Newport  and  Olin  fine  sands  are  spread  out.  Similar 
sands  are  found  along  the  road  across  the  north  part  of  sec- 
tion 9,  Hale  township. 

Gravels  of  the  upland  phase  occur  at  numerous  localities.  In 
the  extreme  northeast  corner  of  section  36,  Jackson  township, 
a  bed  has  been  cut  into  to  a  depth  of  several  feet  in  grading 
the  road.  Similar  gravels  show  along  the  road  leading  west 
and  northwest  from  Monticello  across  Monticello  township  and 
sections  24,  14,  15,  and  9  of  Castle  Grove  township.  Here  they 
occur  on  the  hills  and  also  near  the  streams. 

• 

Stone. 

The  Niagaraii  limestone  series  comprises  the  country  rock 
over  the  entire  county  and  excellent  exposures  may  be  viewed 
along  the  principal  streams.  While  each  stage  of  the  Niagaran 
furnishes  construction  materials  suitable  for  some  economic 
use,  the  Anamosa  stage  and  the  evenly  bedded  horizon  near  the 
top  of  the  Hopkinton,  furnish  the  only  building  stones  of  com- 
mercial importance,  while  the  hard,  subcrystalline,  irregularly 
bedded  LeClaire  affords  an  inexhaustible  supply  of  material 
suitable  for  high  grade  limes. 

The  building  stone  beds  of  the  Hopkinton  stage  afford  some 
excellent  material,  particularly  in  the  neighborhood  of  Clay 
Mills,  Canton  and  Temple  Hill.  Near  Clay  Mills  the  ledges 
vary  from  three  to  fourteen  inches  in  thickness.  The  stone  is 
generally  of  good  color,  it  is  firm,  compact,  without  laminsB,  and 
in  the  most  trying  situations,  it  resists  admirably  the  action  of 
the  weather.  All  the  exposures  of  the  Hopkinton  stage  build- 
ing stone  are  unfortunately  located,  so  far  as  relates  to  facilities 
for  transportation.     Their  only  use  for  many  years  to  come 
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will  be  the  furnishing  of  building  material  to  supply  local  de- 
mands. 

The  conunercial  quarries  are  all  dependent  on  the  evenly 
bedded,  finely  laminated  strata  of  the  Anamosa  phase  of  the 
Oower  stage.  The  most  important  quarries  of  this  phase  are 
located  near  the  western  border  of  the  county  in  Fairview  and 
Cass  townships. 

The  evenly  bedded  stone  in  the  river  bluffs  west  of  Anamosa 
early  attracted  attention.  The  first  extensive  use  of  it  was 
made  by  the  United  States  army  in  constructing  military  roads 
while  Iowa  was  yet  a  territory.  Some  of  the  old  bridge  piers 
built  under  the  direction  of  the  military  engineers,  are  still 
standing  and  bear  conclusive  testimony  to  the  durability  of 
stone  from  this  horizon.  For  some  time  the  quarries  were 
worked  on  a  small  scale  and  supplied  only  a  local  trade,  but  the 
market  widened  as  the  qualities  of  the  stone  became  better 
known,  and  long  wagon  hauls  were  made  in  order  to  secure  this 
material  for  use  in  structures  of  sufficient  importance  to  justify 
snch  expensive  methods  of  transportation.  In  1852  stone  was 
hauled  from  what  is  now  Stone  City  to  Mount  Vernon  for  use 
in  construction  of  one  of  the  first  buildings  belonging  to  Cornell 
College. 

Shipments  by  rail  began  from  this  locality  in  1859,  and  after 
that  time  the  stone  industry  of  the  region  increased  rapidly. 
Prom  supplying  a  very  restricted  local  trade,  the  business  of 
quarrying  and  shipping  stone  has  grown  until  it  now  reaches 
markets  distributed  throughout  Iowa,  Illinois,  Wisconsin,  Min- 
nesota, South  Dakota,  Nebraska,  Kansas  and  Missouri.  Many 
of  the  most  important  structures  in  the  several  states  named 
are  built  of  Anamosa  stone.  It  competes  in  Chicago  and  Min- 
neapolis with  the  product  of  quarries  more  advantageously 
located,  so  far  as  distance  is  concerned.  All  the  important  rail- 
ways of  the  northwest  have  used  Anamosa  stone  in  the  con- 
struction of  bridge  piers.  The  stone  has  been  used  extensively 
in  erecting  the  shops  and  other  buildings  at  the  Bock  Island 
Arsenal.  Iowa  and  Nebraska  have  both  used  it  in  building 
hospitals  for  the  insane.  It  meets  the  requirements  of  all  grades 
of  architectural  work  from  the  humblest  to  the  highest. 
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The  Anamosa  limestone  varies  locally,  but  in  general  it  is 
composed  of  evenly  bedded,  perfectly  laminated  layers  of  impure 
dolomite  that  ranges  in  color  through  shades  of  buff  to  gray  on 
the  one  hand,  and  almost  white  on  the  other.  The  beds  are 
broadly  undulating,  but  may  be  practically  horizontal.  The 
same  beds  thicken  and  thin  gradually,  but  for  limited  distances 
are  essentially  parallel  faced.  The  stone  splits  much  more 
easily  along  bedding  planes  than  in  other  directions,  although 
clay  partings  are  not  common.  Vertical  joints  are  few  and  far 
between  although  more  numerous  in  some  quarries  -than  in 
others.  Texturally  the  stone  varies  considerably,  from  fine- 
grained, compact,  nonlaminated  beds  to  somewhat  vesicular, 
coarse-grained  and  (evidently  laminated  beds.  At  Stone  City 
the  Anamosa  beds  have  an  aggregate  thickness  of  sixty  feet 
and  are  divided  into  two  nearly  equal  parts  by  a  porous,  worth- 
less ledge.  The  lower  thirty  feet  is  known  as  the  "gray  lime- 
stone'^ while  the  beds  in  the  upper  half  constitute  the  "white 
limestone."  The  most  valuable  quarry  stone  comes  from  the 
lower  or  gray  limestone.  The  upper  beds  are  imperfectly  ce- 
mented, and  the  cleavage  along  lamination  planes  is  more  per- 
fect than  in  the  beds  below,  for  which  reason  the  rock  in  this 
part  of  the  quarry  tends  to  split  into  thin  slabs,  and  long 
exposure  to  the  weather  reduces  it  to  chipstone;  As  a  conse- 
quence its  range  of  usefulness  is  somewhat  limited,  but  it  gives 
good  service  when  used  in  ordinary  masonry.  The  lower  beds, 
on  the  other  hand,  lie  below  the  level  of  the  ground  water,  are 
more  perfectly  cemented,  and  furnish  excellent  material  for 
almost  all  kinds  of  structural  purposes.  There  are  some  planes 
in  this  division,  however,  along  which  the  rock  is  vesicular, 
the  cavities  being  of  rather  indefinite  shape  and  ranging  up 
to  two  or  even  three  inches  in  diameter.  Some  of  these  are 
decorated  with  crystals  of  calcite  or  quartz  or  both.  Cherty 
concretions  are  found  in  the  upper  limestone. 

The  most  important  quarries  are  located  along  the  Wapsi- 
pinicon  in  Stone  City  and  vicinity,  and  along  Buffalo  creek  about 
three  miles  west  of  Anamosa,  where  the  State  quarries  are 
located. 
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STONS   CiTT. 

Four  important  companies  are  operating  here  at  the  present 
time^  as  follows: 

J.  A.  Green  &  Son ;  H.  Dearborn  &  Sons ;  J.  A.  Erickson ;  and 
John  Bonen. 

All  of  the  quarries  exhibit  about  the  same  sequence  of  beds, 
and  all  of  the  companies  have  about  the  same  equipment.  All 
have  railway  connections,  own  and  use  one  or  more  channelers 
(single  gang)  and  a  number  of  steam  .drills,  steam  derricks, 
pumps  for  hydraulic  stripping,  and  a  crusher  plant  each  to 
utilize  the  refuse.  All  of  the  quarries  furnish  crushed  stone, 
riprap,  rubble,  bridge  stone,  flagging,  and  all  grades  of  dimen- 
sion stone.  Professor  Calvin  has  worked  out  a  detailed  section 
for  Champion  quarry  No.  1,  which  fairly  represents  the  district 
and  also  classifies  the  various  ledges  according  to  their  uses. 
The  section  is  given  herewith.  The  quaury  was  opened  by  Mr. 
Green  in  1867. 

CHAMPION  QUARRY  No.  1,     SECTION.       

nEBT.  INCHES. 

26.    Loess,  varying  in  thickness,  maximum 20        .... 

25.    B^ne  sand  associated   with  loess»   the  sub-loessial 

sand  of  Norton   2-6        .... 

24.    Drift  and  residual  clay 1        

23.  "Shelly  stone*'  the  partially  decomposed  beds  of 
the  upper,  or  whit^  limestone,  broken  into  thin 
flakes  or  chips 2-10        

22.  "White  stone"  splitting  readily  into  smooth  sur- 
faced slabs,  used  chiefly  for  riprap. 16        .... 

21.    "Rotten  layer,"  a  soft  vesicular  ledge  of  poor  qual-  , 
ity  which  separates  the  gray  from  the  white  lime- 
stone           2             4 

20.  Compact  fine-grained  ledge,  good  building  stone. .       1  5 

19.  Same  as  20  1  5 

18.  Ledge  of  good  building  stone 11 

17.  Same  as  18 11 

16.  Upper  bridge  stone,  coarse 2  6 

15.    Inferior  layer  containing  many  small  cavities  lined 

with  calcite 10 

14.    Fine-grained  building  stone 1  1 

13.  Ledge  containing  at  base  a  thin  layer  of  very  fine- 
grained, compact  limestone,  which  cracks  into 
angular  fragments  under  the  action  of  frost  (the 
bands  of  very  fine-grained  limestone  differing 
from  the  ordinary  granular  dolomite  arje  called 
"flint"   by  the  quarrymen) 1  3 

12.    Ledge  with  bands  of  "flint" 1  11 
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11.    Solid  ledge  of  good  building  stone 1  4 

10.    Compact  ledge,  best  quality  afforded  by  the  quarry      1  2 

9.    "Wavy  ledge"  good  for  ordinary  masonry;  the  1am- 

in»  are  more  or  less  undulated 2%-8        .... 

8.    Good  building  ledge   11 

7.    "Flint   ledge,"   compact   limestone,    breaking   into 

angular  fragments  on  exposure  to  weather ^-1  4 

6.  Flagging  ledge,  easily  split 1  4 

5.  LfOdge  containing  cavities  lined  with  crystals 1        

4.  Ledge  of  good  building  stone 11 

3.  Lower  flagging  ledge. . , 2        

2.  Lower  bridge  stone  ledge,  very  durable,  though 
occasionally  containing  cavities  lined  with  crys- 
Uls   2  4 

1.  Ledge  that  may  again  be  split  into  blocks  conven- 
ient for  building  purposes &        


• 


Below  the  quarry  stone  there  are  here,  as  everywhere  in  this 
region,  massive  beds  of  the  LeClaire  limestone.  The  uppermost 
ledge  of  the  LeClaire  at  the  Champion  quarry  ranges  from  two 
and  one-half  to  three  feet  in  thickness  and  was  formerly  quar- 
ried to  a  limited  extent  for  use  in  heavy  bridge  piers. 

The  principal  output  of  the  Green  quarry  at  the  present  time 
is  crushed  stone.  Two  sizes  are  produced  and  are  used  for 
both  macadam  and  concrete.  The  crusher  plant  has  a  daily 
capacity  of  eight  cars  of  twenty-two  cubic  yards  each.  The 
upper  ledges  from  the  west  end  are  harder  than  the  others, 
are  a  dark  gray  dolomite,  some  ledges  finely  vesicular  and  gran- 
ular with  no  laminae  while  other  ledges  are  distinctly  laminated. 
The  softer  ledges  are  lighter  gray  to  buff.  All  of  the  material 
is  rather  soft  for  road  work,  but  gives  good  satisfaction  for 

concrete. 

STONE  CITY  QUARRIES. 

The  Stone  City  quarries  were  opened  by  Mr.  H.  Dearborn  in 
1869.  They  are  now  owned  and  operated  by  H.  Dearborn  & 
Sons,  They  are  located  near  the  middle  of  the  south  half  of 
the  northeast  quarter  of  section  6,  Fairview  township.  The 
quarry  face  forms  a  long  sweeping  curve  about  a  quarter  of  a 
mile  in  length  and  nearly  parallel  with  the  sweep  of  Wapsipini- 
con  river  that  here  flows  close  to  the  foot  of  the  bluffs  in  which 
the  quarries  were  opened.  The  quality  of  the  stone  and  the 
succession  of  ledges  are  essentially  the  same  as  at  the  quarries 
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already  described.  Overiying  the  stone  is  a  bed  of  loess,  sand 
and  drifts  with  an  average  thickness  of  five  feet  and  a  maxi- 
mnm  thickness  of  fifteen  feet.  Some  six  or  eight  feet  of  stone 
at  the  top  of  the  quarry  are  to  be  counted  with  the  refuse,  the 
beds  being  broken  into  small  angular  pieces  as  a  result  of 
weathering  prior  to  the  deposition  of  the  superficial  drift  and 
loess.  These  quarries  expose  the  whole  thickness  of  the  **gray 
stone"  or  lower  half  of  the  Anamosa  beds,  above  which  are 
serviceable  beds  of  the  ''white  stone,"  or  upper  half,  having 
a  thickness  of  ten  or  fifteen  feet.  The  beds  are  worked  out 
down  to  heavy  ledges  of  nonlaminated  LeClaire.  The  quarries 
are  capable  of  furnishing  dimension  stone  from  three  to  thirty- 
three  inches  in  thickness,  and  of  any  desired  length  and  width. 

The  spalls  and  other  waste  materials  from  the  entire  quarry 
are  utilized  as  crushed  stone.  A  Gates  No.  5  crusher  does  the 
work. 

ANAMOSA   QUARRY. 

The  Anamosa  quarry  was  the  first  in  this  locality  to  ship 
stone  abroad,  the  first  shipments  by  rail  being  made  in  1859. 
The  quarrj^  was  opened  by  David  Graham,  but  its  present  owner 
is  Mr,  J.  Bonen,  who  has  operated  it  since  1881.  The  Anamosa 
quarry  is  located  near  the  northwest  corner  of  the  southwest 
quarter,  section  5,  Fairview  township.  Mr.  Bonen 's  quarry  is 
indeed  double,  for  there  are  two  openings  a  short  distance  iapart. 
At  the  first  opening  the  amount  of  clay  stripping  is  very  small. 
Beneath  the  clav  there  are  a  few  feet  of  nonlaminated  worth- 
Jess  rock  belonging  to  the  Bertram  stage.  Then  in  descending 
order  there  follow  fragmentary  beds  of  the  ''white  limestone," 
"shell  rock,"  then  the  usual  succession  of  ledges  down  to  the 
lower  bridge  layer,  or  No.  2  of  the  Champion  quarry  section. 
Owing  to  the  eastward  dip  of  the  'beds  at  this  locality,  the  lower 
bridge  rock  at  the  second  Bonen  quarry  is  too  low  to  be  worked, 
the  lowest  workable  beds  being  about  the  level  of  the  "flint 
ledge,"  or  No.  7  of  the  section  at  the  Champion. 

STATE    QUARRY. 

In  1884,  the  present  State  quarry,  or  Penitentiary  quarry,  was 
opened.     Formerly  the  stone  for  the  penitentiary  buildings  at 
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Anamosa  was  obtained  from  what  is  known  as  Champion  quarry 
No.  2.  In  the  year  named  the  state  bought  property  on  Buffalo 
creek,  in  the  southwest  quarter  of  section  33,  Cass  township, 
and  began  operating  the  present  quarry.  The  quarry  is  worked 
altogether  by  convict  labor.  Above  the  stone  is  a  bed  of  loess 
and  drift  varying  in  thickness  from  a  few  inches  to  ten  or  twelve 
feet.  Below  the  drift  there  are  a  few  feet  of  decayed  and 
broken  **  shell  rock"  belonging  to  the  upper  part  of  the**  white 
stone"  of  the  Anamosa  phase.  Lower  in  the  quarry  the  ledges 
present  the  same  features  as  in  corresponding  parts  of  other 
exposures.  The  Anamosa  beds  dip  strongly  to  the  north  to 
accommodate  themselves  to  the  uneven  upper  surface  of  the 
LeClaire.  Most  of  the  work  at  this  quarry  is  done  by  hand. 
There  are  several  large  derricks  for  handling  the  stone,  but  they 
are  all  operated  by  hand  power.  The  State  quarry  uses  np 
crusher,  but  breaks  some  rock  by  hand.  Most  of  the  rock  is 
used  for  structural  purposes.  The  spalls  and  other  waste  are 
broken  up  at  the  Reformatory.  Each  city  and  road  district 
of  the  state  is  entitled  to  rock  from  this  quarry  upon  payment 
of  the  freight.  Over  twenty  cars  were  shipped  on  this  account 
in  1908,  but  the  freight  is  too  high  to  permit  of  long  shipments. 
The  Chicago  and  North  Western  Railway  takes  out  riprap  and 
similar  rock,  paying  $5  per  car,  for  its  own  use.  Dirt  and 
such  waste  from  quarrying  is  given  to  the  road.  The  stone  is 
shipped  over  a  spur  of  the  North  Western  Railway,  which  runs 
up  the  valley  of  the  Buffalo  and  accommodates  all  the  quarries 
in  this  part  of  the  Anamosa  stone  basin. 

Other  quarries  have  been  opened  in  the  vicinity,  but  show 
no  new  features  worthy  of  mention. 

In  addition  to  the  Anamosa  and  Stone  City  district,  there  are 
several  small  areas  where  the  Anamosa  beds  are  available  and 
are  being  developed  on  a  small  scale.  The  two  worthy  of  notice 
are  near  Olin  and  Hale.  The  Rummel  quarry  near  Olin  in 
Rome  township  may  be  taken  as  a  type  in  the  district.  (North- 
east quarter  of  the  southeast  quarter  of  section  24,  township  83 
north,  range  III  west.)  The  quarry  is  opened  in  the  low  buff 
on  the  west  side  of  the  valley  of  Sibyl  creek.  The  stone  belongs 
to  the  Anamosa  phase  of  the  Gower  stage,  and,  except  that  it 
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is  buff  in  color,  it  corresponds  well  with  the  ''gray  stone,"  or 
lower  portion  of  the  formation  as  seen  near  Stone  City.  There 
are  no  definite  bedding  planes,  but  the  rock  cleaves  readily 
along  any  of  the  planes  of  lamination.  The  surfaces  of  the 
laminae  are  not  so  smooth  and  true  as  they  are  at  the  correspond- 
ing horizon  near  Stone  City,  but  are  irregularly  undulated,  ap- 
parently as  a  result  of  wave  action  at  the  time  the  beds  were 
forming.  The  strata  dip  southeast  at  an  angle  of  5\ 

In  quarrying,  only  the  simplest  tools  are  used.  Drills,  crow- 
bars, wedges,  picks,  shovels  and  wheel  barrows  make  up  the 
equipment.  The  soil  or  clay  overlying  the  stone  is  only  a  few 
inches  in  thickness.  For  two  or  three  feet  below  the  soil  the 
beds  are  broken  into  chips  or  spalls  by  weathering.  With  better 
means  for  quarrying,  the  greatest  part  of  the  exposure  would 
furnish  marketable  stone.  The  present  method  of  quarrying, 
however,  involves  the  use  of  large  quantities  of  powder  in  a 
single  blast.  Drill  holQs  are  filled,  or  nearly  filled,  with  powder, 
and  the  firing  of  such  a  blast  loosens  up  great  masses  which  are 
further  separated  and  removed  with  pick,  crowbar  and  sledges. 
The  firing  of  these  great  blasts  shatters  the  stone  badly,  render- 
ing much  of  it  worthless,  and  leaving  even  the  best  of  it  in  con- 
dition suited  for  use  in  only  the  cheaper  grades  of  masonry. 
Were  the  demand  such  as  to  justify  the  expense  of  putting  in 
improved  machinery,  stone  of  high  grade  for  many  purposes 
might  easily  be  obtained. 

Several  other  quarries  have  been  opened  in  the  immediate  vi- 
cinity but  present  no  new  features  of  importance. 

The  Hale  quarry  located  near  the  center  of  section  11,  Hale 
township,  three-fourths  of  a  mile  east  of  the  village  of  Hale,  may 
be  taken  as  a  type  of  the  district  of  the  same  name.  The  stone 
in  the  Hale  quarry  is  finer  than  that  in  the  quarries  near  Olin^ 
but  it  resembles  the  Olin  stone  in  the  uneven,  wave-marked  sur- 
face of  the  several  beds.  The  stone  comes  practically  to  the  sur- 
face, there  being  only  a  few  inches  of  soil  overlying  the  upper 
beds.  For  about  six  feet  at  the  top  of  the  quarry  the  stone  is 
much  broken  and  disintegrated,  as  a  result  of  weathering.  Be- 
low the  weathered  portion  the  rock  is  solid  and  shows  the  char- 

25 
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acteristic  lamination  of  this  horizon.  Partings  between  the  beds 
are  inconspicuous.  The  flexures  of  the  beds  and  the  dip  in  all 
directions  (quaquaversal  dip)  forming  a  low  dome  near  the 
north  end  of  this  quarry,  are  interesting  features.  The  quarry 
supplies  local  trade  only. 

Quarries  have  also  been  opened  south  of  the  town  and  south 
of  the  river.  An  enormous  amount  of  excellent  material  is  avail- 
able, but  at  the  present  time  is  not  being  utilized. 

The  following  paragraphs  describe  a  few  of  the'  principal 
openings  of  the  county  not  previously  noted. 

East  of  Hale  about  a  mile  is  the  C.  0.  Woodard  quarry.  The 
lower  beds  here  are  buff,  nonlaminated,  vesicular  ledges,  while 
the  upper  beds  are  gray,  banded,  fine-grained  dolomite,  slightly 
softer  than  the  lower-lying  layers.  Waste  material  is  taken 
out  of  the  quarry  by  the  township  and  put  on  the  roads.  The 
larger  fragments  are  broken  up  on  the  road.  The  sandy  spots 
are  being  improved  in  this  way. 

In  Anamosa  a  number  of  streets  have  been  paved  with  crushed 
rock  mingled  with  fine  material.  Surfacing  is  done  with  cin- 
ders and  the  result  is  an  excellent,  durable  roadway. 

Across  Maquoketa  river  from  Monticello  in  the  southeast 
quarter  of  the  northeast  quarter  of  section  22,  Monticello  town- 
ship, are  the  H.  J.  Lang  quarries,  both  small  openings  in  the 
river  bluff.  They  are  located  just  below  the  electric  light  plant 
and  are  fairly  easy  of  access.  One  of  the  quarries  shows  below 
a  foot  or  two  of  soil  several  feet  of  loose  and  waste  rock,  which 
in  a  part  of  the  quarry  is  mixed  with  clay,  probably  geest.  This 
material  is  said  to  make  a  good  quality  of  road  metal,  as  it  packs 
well  and  is  durable.  It  has  been  used  to  good  advantage  on 
roads  in  the  vicinity.  Below  this  material  are  six  to  ten  feet  of 
very  hard,  heavy-bedded  gray  dolomite,  coarsely  vesicular, 
sugary,  containing  Cerionites,  corals,  brachiopods  and  various 
other  fossils.  There  is  a  considerable  amount  of  flint  in  the 
upper  layers  of  the  quarry. 

The  rock  of  the  other  quarry  is  somewhat  softer  when  first 
removed,  but  it  hardens  on  exposure.  Otherwise  it  is  similar 
to  that  of  the  first  quarry. 
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Northeast  of  town  in  the  northwest  quarter  of  section  23  is  the 
Stumbaugh  quarry,  sixty  feet  above  the  Lang  openings.  Its  face 
presents  below  about  two  feet  of  sandy  soil  four  feet  of  waste 
rock  fairly  hard,  some  of  it  broken  up.  This  has  been  used  on 
roads  in  town  and  over  the  neighboring  country,  and  is  said  to 
pack  well  and  afford  good  satisfaction  when  mixed  with  some 
dirt.  Some  of  the  rock  is  softer  and  needs  no  clay.  Below  are 
four  to  six  feet  of  solid  gray  rock  used  for  buildings.  The 
quarry  is  located  on  the  hill  by  the  roadside  and  is  very  easily 
reached. 

Immediately  below  the  bridge,  on  the  north  bank  of  the  river, 
on  the  west  line  of  section  15,  is  the  Rickell  quarry,  which  lies 
at  approximately  the  same  level  as  the  Lang  quarries.  The  rock 
here  exposed  is  a  gray  sugary  dolomite,  vesicular,  with  numer- 
ous flint  nodules,  some  of  them  quite  soft,  between  the  layers. 
Stratification  is  better  developed  here  than  in  the  Lang  quarries. 
On  top  are  six  feet  of  waste  rock  with  very  little  soil.  At  the 
time  the  quarry  was  visited  (October,  1908)  the  quarry  was 
being  exploited  for  the  purpose  of  obtaining  macadam  for  use 
on  the  streets  of  Monticello. 

At  Oxford  Junction  waste  rock  from  the  Niagaran  has  been 
used  for  street  improvement,  apparently  with  satisfactory  re- 
sults. 

KEOKUK  COUNTY. 
Sand  and  Gravel. 

Sand  and  gravel  deposits  are  found  only  in  the  channels  of 
the  present  streams  and  then  only  in  small  units.  Both  branches 
of  Skunk  river  are  in  the  old  age  stage,  and  as  a  consequence 
are  characterized  by  mud  banks  and  flats.  The  tributaries  of 
Skunk  river  and  South  English  river  and  its  tributaries  carry 
some  sand  and  gravel — ^mostly  dirty  sand  which  is  used  locally 
and  serves  a  useful  purpose.  The  individual  deposits  are  small 
and  widely  scattered,  but  when  considered  in  the  aggregate,  are 
worthy  of  consideration.  Extensive  improvements  which  re- 
quire sand  and  gravel  in  quantity  must  depend  on  outside 
sources  of  supply.    At  present  Eddyville  is  the  chief  source. 
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Stonb. 

The  Osage  limestone  is  believed  to  occupy  a  triangular  area 
in  the  northeast  corner  of  the  county  and  several  patches  are 
known  to  occur  in  the  interior  of  the  county.  The  most  im- 
portant outcrops  may  be  seen  along  Bock  creek  and  Skunk  river 
north  to  northwest  of  Ollie.  The  formation  rises  forty  feet 
above  the  river.  The  stone  varies  from  light  brown  or  white  to 
gray  in  color.  It  is  medium  to  coarse-grained,  subcrystalline, 
and  lies  in  ledges  usually  three  to  ten  inches  in  thickness,  sep- 
arated by  day  and  chert  bands.  It  is  highly  fossiliferous,  often- 
times consisting  largely  of  a  shell  breccia  and  fragments  of 
crinoid  stems.  The  most  extensive  section  occurs  in  the  vicinity 
of  Manhattan  Mills.  The  following  sequence  was  determined  by 
Bain :  feet. 

7.  Soil  and  drift  of  indefinite  thickness 2-40 

6.  Sandstone,  quartzose,  in  part  calcareous,  soft,  yellow 1^ 

5.  Limestone,  finely  brecciated 1 

4.  Limestone,  compact,  gray,  cherty 20 

3.    Limestone,     earthy,    brown,    containing    numerous    chert 

nodules    ; . . .     16 

2.  Limestone,  coarsely  subcrystalline,  blue  and  gray  in  color, 
fossiliferous,  in  ledges  9  to  20  inches  thick,  separated  by 
shales  6  to  8  inches  in  thickness;  bands  of  chert  nodules 
3  to  10  inches  thick  near  the  top 26 

1.    Limestone,  as  above 14 

Numbers  1  and  2  in  the  above  section  belong  to  the  Osage,  the 
first  being  exposed  in  the  Weber  quarry  near  the  mill,  while  num- 
ber 2  comprises  the  chief  formation  in  the  Cook  quarry.  Number 
3  is  referred  to  the  Springvale  beds,  and  outcrops  above  the 
quarry  tracks,  while  numbers  4  to  6  inclusive  belong  to  the  Verdi 
beds  of  the  Saint  Louis  stage  and  are  exposed  along  the  old 
right  of  way  leading  to  the  Cook  quarry. 

The  railway  switch  has  long  since  been  abandoned  and  the 
steel  removed.  Quarrying  is  carried  on  only  to  supply  the  local 
demand.  In  a  local  quarry  still  in  openation,  the  following  beds 
are  displayed: 


4.    Loess,  waste  and  drift 1-5 

3.    Limestone  ledge,  similar  to  number  1 IM 

2.    Limestone,  thinly  bedded,  concretionary  and  cherty;  shaly      3 

1.  Limestone,  blue-gray,  evenly  bedded,  about  five  ledges  ex- 
posed, varying  from  6  to  12  inches  in  thickness;  some- 
times there  is  a  shaly  parting  near  the  middle;  fossilif- 
erous          3 
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Nnmbers  1  and  3  afford  a  good  quality  of  stone  for  coursing 
and  rubble  work.  The  several  other  exposures  of  Osage  lime- 
stone present  no  new  features. 

The  Saint  Louis  limestone  immediately  underlies  the  drift 
over  three-fourths  of  the  county.  While  its  three  divisions  are 
represented,  only  the  Verdi  beds  are  of  sufficient  importance  to 
merit  consideration  commercially.  The  Springvale  beds  have 
been  recognized  at  Springvale  Mills,  in  the  upper  portion  of  the 
Cook  quarries  north  of  Ollie,  and  at  one  or  two  other  points 
along  Skunk  river.  These  beds  comprise  a  blue,  earthy  lime- 
stone of  marked  shaly  character,  which  weathers  readily  into 
a  soft,  brown  to  buff  limestone.  It  is  magnesian  and  often  pre- 
sents an  arenaceous  facies.  Clean  cut  exposures  are  rare  on  ac- 
count of  its  weathering  properties.  The  beds  occasionally  pre- 
sent a  pseudo-conglomeratic  character  as  seen  in  the  Cook  quar- 
ries. They  rest  unconformably  on  the  Osage  limestone,  and  ag- 
gregate twenty  to  twenty-five  feet  in  thickness. 

The  middle  member  of  the  Saint  Louis,  the  Verdi  beds,  covers 
the  larger  portion  of  the  county,  and  affords  the  principal  lime- 
stone outcrops,  and  the  only  limestone  quarries  in  the  county 
with  the  exception  of  those  northwest  of  Ollie.  Typical  expo- 
sures may  be  viewed  along  both  branches  of  Skunk  river,  Eng- 
lish river,  and  along  the  creeks  north  and  west  of  Sigourney. 

The  beds  present  comprise  fine-grained,  light  colored,  calcare- 
ous sandstones  in  bands  two  to  six  feet  in  thickness,  interbedded 
with  the  limestone.  In  places,  however,  clean  sandstones  of  much 
greater  thickness,  up  to  thirty  or  even  forty  feet,  with  limestone 
above  and  below,  are  seen.  The  most  usual  type  of  limestone  is 
of  a  light  ash  to  buff  color,  fine-grained,  exceedingly  compact  and 
hard,  almost  cherty  in  character.  This  is  the  limestone  found 
interbedded  with  the  sandstone.  A  second  equally  well  known 
type  comprises  the  brecciated  beds.  In  these  beds,  the  limestone 
is  broken  up  into  irregular  fragments  and  cemented  together, 
the  whole  forming  a  distinct  calcareous  conglomerate  or  breccia. 
The  usual  cementing  material  is  calcareous,  though  ferruginous 
material  is  sometimes  present.  The  rock  fragments  appear  to 
possess  the  characteristics  of  the  Saint  Louis  limestone  itself. 
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They  vary  greatly  in  size,  ranging  from  grains  a  fraction  of  an 
incli  in  diameter  to  slabs  and  blocks  four  feet  long  and  six  to 
eight  inches  in  thickness.  The  brecciated  blocks  are  usually  one 
or  two  inches  in  diameter.  Local  uncomformities,  false  bedding, 
and  other  irregularities  are  not  uncommon  structural  features. 

A  few  of  the  numerous  sections  exposed  are  given  below  and 
are  believed  to  be  fairly  representative. 

The  following  beds  are  exposed  in  a  railway  cut  about  one  and 
a  half  miles  west  of  OUie : 

FEET. 

7.     Soil  and  bowlder  clay 10 

6.    Sandstone,    cross-bedded,    yellow,    fine-grained;     becoming 

harder  for  six  inches  and  apparently  calcareous  below 6 

5.  Limestone,   compact 5^ 

4.  Marl  and  limestone ^ 

3.  Limestone,  fine-grained,  grading  into  number  2 y^ 

2.  Limestone,  finely  brecciated,  in  places  almost  o5Iitic 2 

1.  Limestone,  compact,  exhibiting  conchoidal  fracture,  exposed 

to  track 6 

Several  small  quarries  have  been  opened  from  time  to  time 
along  Sugar  creek  near  Showman  station.  Here  the  beds  are 
very  irregular  arid  false  bedding  on  a  large  scale  is  well  shown. 
A  typical  section  is  about  as  follows : 

FEET. 

6.  Soil  and  drift  of  variable  thickness 0-30 

5.  Limestone  in  fairly  even  ledges 4 

4.  Talus,  shale  or  marl 3 

3.  Limestone  in  heavy  ledges,  shaly  below,  shows  a  decidedly 

concretionary  f acies  when  weathered 4 

2.  Limestone,  hard  ledge,  separated  from  number  1  by  a  shaly 

parting,  brittle  and  compact 1% 

1.    Sandstone,  cross-bedded  and  unevenly  indurated,  dip  of  bed- 
ding planes  Inconstant,  but  ranging  up  to  35  degrees 10 

Number  5  furnishes  the  principal  quarry  rock  of  the  neigh- 
borhood. Number  2  apparently  rests  uncomformably  upon  num- 
ber 1. 

Numerous  small  quarries  have  been  worked  at  one  time  or 
another  north  and  west  of  Sigourney.  The  Miller  quarry,  located 
about  two  miles  north  of  town,  may  be  taken  as  an  example : 
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PLATE  XXVIII— a 


Miller  quarry,  about  two  miles 
county,  showlnK  Pella  beds. 

Local  unconformity  In  Verdi  1 
Keokuk  county. 


county,  stiowlng  Fella 
o(  Slgourney,  Keokuk 
ear    Showman    station, 
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4.    Soil  and  drift  almost  nil  at  the  quarry  faoe,  but  thickens 

greatly  in  the  bluff 2-f- 

3.  Ldmestone,  similar  to  number  1,  with  arenaceous  to  argilla- 
ceous partings;  less  evenly  bedded  than  1  and  weathers 
concretionary;  calcite  lenses  and  nests  present 3-6 

2.    Sandstonep  with  shaly  partings,  fine-grained,  and  but  slightly 

indurated 2 

1.  Ldmestone,  hard  and  compact,  gray,  evenly  bedded,  beds 
ranging  from  4  to  12  inches  in  thickness;  numerous  pyritic 
balls   present,   mostly   weathered   to  limonite 6 

The  beds  dip  strongly  to  the  east,  and  do  not  appear  to  be 
persistent  in  character.  The  stone  crops  of  the  region  appear 
to  rise  about  forty  feet  above  the  creek.  The  sandstone  as  a  rule 
is  the  most  conspicuous  member,  is  heavily  bedded  but  imper- 
fectly  indurated. 

Outcrops  in  English  river  are  less  common  than  along  the 
Skunk,  but  are  in  a  general  way,  repetitions  of  those  already 
given. 

The  quarries  of  the  county,  while  numerous,  are  small  and 
without  exception  are  of  local  importance  only.  The  stone  avail- 
able is,  as  a  rule,  rather  soft  for  road  work,  but  is  fairly  satis- 
factory for  most  kinds  of  concrete  construction. 

KOSSUTH  COUNTY. 
Sand  and  Gbavkl. 

Kossuth  county  lies  entirely  within  the  area  covered  by  the 
Wisconsin  glaciers.  The  sand  and  gravel  deposits  are  of  two 
kinds,  pockets  in  the  drift  hills  and  gravel  trains  along  the 
streams. 

Stream  Terraces. — By  far  the  greater  part  of  the  streams  of 
Kossuth  county  are  younger  than  the  youngest  one  of  the  drift 
sheets  which  were  responsible  for  the  gravel  trains  in  northern 
and  northwestern  Iowa,  and  are  devoid  of  deposits  of  this  kind. 
Such  gravel  terraces  as  are  to  be  found  in  this  county  occur  in 
the  Des  Moines  valley  in  the  few  miles  between  Algona  and  the 
Humboldt  county  line.  From  a  point  about  two  miles  south  of 
Algona  to  where  the  river  leaves  the  county  its  channel  has  been 
choked  with  gravel.    Just  at  the  south  edge  of  the  town  of  Ir- 
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vington,  the  Chicago  &  North  Western  Railway  has  removed 
enormous  quantities  of  gravel  for  ballast  from  the  terrace  on  the 
east  side  of  the  river.  This  pit  is  now  abandoned,  but  an  open 
face  some  forty  feet  high  may  still  be  seen.  The  gravel  here  con- 
tains much  limestone  and  shale  and  a  large  proportion  of  sand. 
It  is  still  being  used  to  a  considerable  extent  in  a  local  way,  and 
large  quantities  of  road  and  concrete  materials  can  still  be  ob- 
tained. 

At  Irvington  the  river  turns  abruptly  west  for  two  or  three 
miles,  and  the  north  bank  is  a  huge  gravel  bench.  Where  the 
road  crosses  the  edge  of  it  on  the  west  line  of  section  36,  Cresco 
township,  a  coarse,  somewhat  dirty,  iron-stained  gravel  is  ex- 
posed. This  same  material  may  be  seen  everywhere  along  the 
road  on  the  north  and  west  sides  of  section  36,  The  terrace  is 
about  forty  feet  above  the  river,  and  has  an  area  of  one  and  a 
half  to  two  square  miles. 

On  the  south  side  of  the  river  in  sections  1  and  2  of  Eiver- 
dale  township  there  is  also  much  gravel.  The  road  here  crosses 
a  bench  not  more  than  half  as  high  as  that  on  the  north  side,  and 
gravel  has  been  plowed  up  in  building  an  approach  to  a  bridge. 
This  bench  seems  to  be  continuous  practically  all  the  way 
through  section  2  and  the  east  half  of  section  11,  Riverdale  town- 
ship. On  top  of  it  the  fields  are  dry,  the  crops  reported  as  being 
always  poor,  and  indications  would  seem  to  show  that  practically 
the  whole  of  it  is  gravel.  Through  sections  13,  14,  23  and  24  of 
the  same  township  gravels  occur  almost  everywhere  along  the 
road,  and  the  latter  has  been  surfaced  with  materials  taken 
largely  from  shallow  excavations. 

These  gravels  have  been  opened  in  various  places  all  along 
the  river.  In  the  pasture  north  of  the  school  house  at  the  south- 
east comer  of  section  26,  Riverdale  township,  is  a  sm^iU  pit  which 
shows  four  or  five  feet  of  coarse  dirty  gravel.  This  pit  will 
doubtless  furnish  ample  supplies  for  all  purposes  within  several 
miles. 

As  has  been  remarked  before,  the  other  streams  of  the  county 
are  devoid  of  gravel  and  sand.  The  source  of  these  streams  is 
almost  invariably  a  swampy  or  marshy  depression,  and  they 
seek  their  way  among  the  drift  hills  as  best  they  can. 
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Miscellaneous  Deposits. — ^Kossuth  county  is  covered  over  its 
whole  area  with  Wisconsin  drift  clay.  As  to  the  possibility  of 
finding  pockets  or  cappings  of  gravel  in  the  hills  of  glacial  till, 
Macbride  told  the  whole  story  when  he  said :  *  *  Occasionally  the 
typical  Wisconsin  bowlder  clay  gives  place  to  piles  and  beds  of 
sand  or  gravel,  but  this  is  unusual.  * ' 

LEE  COUNTY. 
Sand  and  Gbatel. 

Lee  county  is  bordered  by  three  large  rivers,  the  Mississippi, 
the  Des  Moines  and  the  Skunk.  All  are  in  advanced  stages  of 
development  and  capable  of  handling  only  the  finer  materials. 
As  a  consequence  sands  of  various  grades  are  abundant  while 
gravels  are  scarce  in  and  along  these  streams.  Some  of  the 
tributary  streams  have  accumulated  coarser  materials,  but  the 
stream  gravel  beds  are  in  comparatively  small  units  and  widely 
scattered.  Sufficient,  of  these  materials  can  usually  be  obtained 
for  the  local  demand  within  reasonable  distances,  but  no  deposits 
large  enough  to  supply  gravel  by  the  train  load  are  known  in  the 
county.:  InterglaciaL  gravels  are  usually  too  much  obscured  to 
be  considered  commercially  available. 

Stone. 

The  Osage  limestone  comprises  a  very  considerable  portion  of 
the  country  rocks  in  Lee  county  and  forms  the  greater  part  of  the 
vertical  extent  of  the  bluffs  on  all  of  the  streains  bordering  the 
county.  In  the  interior  it  is  largely  overlain  by  the  Saint  Louis 
and  the  Coal  Measures. 

It  includes  quite  a  diversity  of  beds  which  for  convenience  in 
discussion  are  divided  into  three  groups  of  limestones  which  are 
separated  by  shales  and  chert  beds.  The  lowest  member  is  gen- 
erally known  as  the  Burlington,  which  many  investigators  have 
divided  into  Upper  and  Lower  Burlington.  This  is  separated  by 
chert  beds  from  the  middle  member,  the  Keokuk  limestone,  which 
in  turn  is  separated  by  shales  and  geode  beds  from  the  upper- 
most menaber,  known  as  the  Warsaw. 
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The  Lower  Burlington,  whfle  composed  in  part  of  heavy  beds 
of  subcrystalline  limestone,  is  unimportant  in  the  present  con- 
nection as  it  comprises  only  a  narrow  strip  along  the  base  of  the 
Skunk  river  bluffs  north  of  Wever  and  a  few  miles  east  of  the 
town  of  Augusta  in  the  northeastern  part  of  the  county. 

The  Upper  Burlington  is  very  similar  in  character  to  the 
Lower  Burlington,  but  usually  occurs  in  thinner  beds  and  carries 
a  greater  abundance  of  chert  in  irregular  nodules  and  thin  bands. 
The  Upper  beds  are  best  exposed  in  the  bed  of  Skunk  river  at 
Augusta.  The  flinty  beds  of  the  Upper  Burlington  are  some- 
times called  the  Montrose  cherts.  They  appear  along  Mississippi 
liver  from  Montrose  to  Keokuk.  Between  these  points  they  con- 
stitute the  bed  of  the  river  and  cause  the  obstruction  to  naviga- 
tion kpown  as  the  Des  Moines  rapids.  While  both  members  of 
the  Burlington  afford  good  material  for  constructional  purposes, 
neither  is  sufficiently  accessible  to  merit  extended  notice. 

A  quarry  has  been  opened  in  the  Burlington  limestone,  west 
of  Wever.    The  beds  worked  are  as  follows : 


5.    Soil  and  drift 4 

4.    Lime8tone,  brownish,  thinly  bedded,  with  some  chert,  en- 

crinital 1% 

3.    Limestone,  white,  rather  soft,  somewhat  cherty  in  places % 

2.    Limestone,  yellowish 21^ 

1.    Limestone,  hard,  brown,  encrinital,  heavily  bedded,  exposed      2 

Other  openings  have  been  made  in  the  near  vicinity,  but  while 
the  stone  is  durable  and  pleasing  in  appearance,  the  aggregate 
annual  output  has  never  been  large  and  is  practically  nU  at  this 
time. 

The  Keokuk  beds  are  typically  developed  in  Lee  county,  but 
at  the  same  time  their  surface  area  is  relatively  small.  These 
beds  occupy  the  larger  portion  of  Denmark  township  and  a  part 
of  Washington.  In  addition  thin  beds  are  exposed  in  the  bluffs 
facing  all  of  the  larger  streams.  Along  Des  Moines  river,  while 
the  Keokuk  is  present  above  the  water  line,  it  is  largely  obscured 
by  heavy  talus  slopes.  In  general  the  formation  consists  of 
twenty-five  to  forty  feet  of  coarse-grained,  bluish,  often  crin- 
oidal  limestone,  overlain  by  rather  more  than  thirty  feet  of 
shales,  generally  known  as  the  geode  beds.    Chert  is  quite  preva- 
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Jent  t izirough  the  limestone,  while  some  beds  are  somewhat  argil- 
laceo^iJSLs  and  from  these  two  causes,  many  of  the  layers  are  tmfit 
for  cioLonension  stone,  but  are  serviceable  for  cmshed  stone  pur- 
poses«  The  best  layers  for  dimension  stone  are  known  as  the 
"WTxi^e  ledge,*'  which  is  quarried  in  Keokuk  and  vicinity.  The 
hea^vi.  ^^st  beds  and  thinnest  partings  are  near  the  base,  while  the 
beds  Ib^ecome  thinner  and  more  argillaceous  in  character  near  the 
top,  ^5r«-ading  into  the  geode  beds  above.  (See  plate  XV,  a,  page 
227.  > 

Tla.^  geode  beds  are  of  small  importance  in  the  discussion  of 

**9Txa.:K-ry  products''  save  as  a  possible  source  of  shales  suitable 

'or  xiise  in  the  manufacture  of  Portland  cement.    The  lower  half 

^s^  xxi.ax3e  up  largely  of  more  or  less  indurated  calcareous  shales 

wxtli     some  chert  and  occasional  bands  of  limestone,  graduating 

i^^^xx^^ard  into  the  limestone  below.    The  upper  half  is  more  ar- 

P-H^-oeous,  sometimes  slightly  arenaceous  and  less  calcareous 

*^^     slakes  more  readily  under  weathering  influence  than  the 

low^ox-    portion.    The  siliceous  and  calcareous  concretions  give 

^^x*i^    to  the  formations  and  are  quite  generally,  although  not 

^tt'^ojrsally,  present  in  southeastern  Iowa. 

Th^  Keokuk  limestone  has  always  been  a  large  contributor  to 
**^^  stone  output  of  the  county.  Numerous  quarries  have  been 
^J^^x^od,  and  it  is  this  horizon  which  affords  the  greater  portion 
^^  tho  quarry  rock  in  the  vidnity  of  the  city  of  Keokuk.  As  a 
^^^^^  ttie  formation  is  compact,  rather  hard,  often  subcrystalline 
rook,  of  an  ashen  or  bluish  gray  color.  It  presents  an  even  to 
conohoidal  fracture. 

The  Warsaw  beds  comprise  a  buff  magnesian  limestone  at  the 
"^*^,  in  a  massive  layer  often  ten  to  twelve  feet  in  thickness; 
"^^^  &xenaceous  shales  with  intercalated  limestones  in  thin  bands, 
^^^^  at  the  top  a  buff,  sandy  limestone  locally  called  **  sandstone. '  * 

xixese  beds  are  typically  developed  at  Warsaw,  a  town  five  miles 

lo^lo^w^  Keokuk  on  the  Illinois  side  of  the  river. 

Tile  quarry  rock  of  the  Warsaw  is  chiefly  a  magnesian  lime- 

stoxie  containing  some  sand  and  small  pebbles.    It  is  generally 

(wled  sandstone.    The  principal  quarries  are  located  at  Sonora 

OTti  the  east  side  of  the  river.    The  rock  occurs  in  a  massive  layer 

gauging  from  six  to  twelve  feet  in  thickness,  is  bluish  to  yellowish 
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in  color  when  first  taken  out  of  the  quarry,  but,  on  exposure  to 
the  weather  for  some  time,  it  changes  to  a  buff  or  brown.  The 
stone  has  been  used  in  the  building  of  the  locks,  and  many  of  the 
most  important  structures  in  the  city  of  Keokuk.  It  has  also 
been  used  in  pier  and  bridge  work.  It  is  very  durable  and  highly 
prized  for  all  grades  of  dimension  and  cut  stone  work.  The 
principal  quarries  in  the  county  are  located  near  the  city  of 
Keokuk,  within  half  a  mile  of  the  railway  bridge  crossing  Des 
Moines  river,  and  near  Ballinger,  above  the  city  along  Missis- 
sippi river. 

Of  the  numerous  sections  of  Osage  available,  only  suflBicient  are 
selected  to  illustrate  the  principal  features  of  the  beds.  There 
is  an  almost  continuous  outcrop  of  these  beds  in  and  about  the 
city  of  Keokuk  and  facing  the  principal  streams  on  the  three 
sides  of  the  county. 

The  Tigue  quarry,  a  short  distance  west  of  the  Rand  lumber 
yard,  is  one  of  the  oldest  openings  in  the  vicinity.  It  has  been 
in  operation  for  more  than  forty  years.  The  section  is  as  fol- 
lows : 

FEET. 

4.     Soil  and  drift 8 

3.    Limestone,  thinly  bedded,  with  considerable  calcareous  shale      6 
2.    Limestone,  more  massive  than  3 9 

1.    Limestone,  rather  sandy,  with  shaly  partings,  exposed  to  rail- 
way track 14 

In  the  west  part  of  the  city  of  Keokuk,  along  Soap  creek  for 
a  distance  of  fully  one  mile,  quarries  have  been  opened  at  a  num- 
ber of  points.  The  section  exposed  near  the  mouth  of  Soap 
creek  is  given  below : 


8.    Soil  and  drift  of  variable  thickness. 

7.    Shale,  cherty 6 

6.    Shale,  calcareous,  with  intercalated  beds  of  Umestone;  some 

geodes  present 8 

5.    Limestone,  drab,  impure,  heavily  bedded,  shaly  below 12 

4.    Limestone,  light  colored,  with  nodular  masses  of  chert;  the 

"white  ledge" 3 

3.    Limestone,  argillaceous  and  massive,  with  spheroidal  masses 

of  calcite,  sometimes  carrying  millerite 5-6 

2.    Limestone,  coarse,  gray,  encrinltal,  cherty 3 

1.    Limestone,  with  chert  in  irregular  beds,  exposed .* 5 
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xth  of  the  city  about  one-fourth,  mile  north  of  Ballinger 
sta^^tion  on  the  Chicago,  Burlington  &  Quincy  railway,  the  Tucker 
ZRicManus  quarry  displays  the  following  beds : 

FEBT. 

7.    Soil,  loess  and  drift 0-10 

6.  Limestone,  weathered,  soft,  yellowish  above,  blue-gray  be- 
low; yields  some  rubble  where  protected;  somewhat 
cherty    10-15 

5.    Lilmestone,  shaly 1 

4.  Limestone  in  two  heavy  beds,  the  upper  about  three  and 
the  lower  3^  feet  in  thickness,  separated  by  a  one  foot 
shaly  parting;  fossillferous  and  subcrystalllne 7% 

3.  Limestone,  cherty,  subcrystalllne,  similar  to  1,  somewhat 
Irregularly  bedded;  where  sufficiently  free  from  chert 
yields  good  rubble  stone 8 

2.    Limestone,  evenly  bedded,  gray^blue,  subcrystalllne V/^ 

1.    Limestone,  chert  present  as  bands  and  nodules,  irregularly 

distributed  throughout,  exposed 6 


this  quarry  the  beds  dip  to  the  northwest.    Numbers  2  and 

^    ^xixTiish  the  best  dimension  stone.     Only  hand  methods  are 

^®^^    in  quarrying,  although  a  steam  drill  is  employed.    Power 

^^'^     cirilling  is  supplied  by  an  ordinary  traction  engine.    The 

r  w^^.s't^  stone  is  loaded  in  cars  with  removable  beds.    The  car  beds 

si^rung  up  to  a  Gates  crusher  by  means  of  the  only  derrick 

ttSo<i   in  the  plant.    All  of  the  stone  below  the  weathered  zones  is 

^*^-li^cd.    The  crushed  stone  is  graded  by  being  passed  through 

\  ^^5^1indrical  screen.    Storage  bins  are  provided  for  the  larger 

^T^^^S-     The  dust  is  removed  by  a  belt  conveyer  and  dumped  on 

^*    •"*"Tound.    In  addition  to  crushed  stone,  rubble  and  dimension 

are  produced.    This  is  the  most  important  quarry  in  the 

y  at  this  time. 

c  Saint  Louis  Umestone  comprises  some  of  the  most  impor- 

xock  formations  in  Lee  county,  occupying  about  one-third 

s5^  its  superficial  area.    Numerous  outcrops  appear  along  the 

'^^a.xns  in  West  Point  and  Franklin  townships,  and  in  the  bluffs 

^lo-^  Montrose  on  the  Mississippi  and  along  the  Des  Moines 

a  l>o-^^  Sand  Prairie. 

"^^cording  to  Keyes  and  Grordon,  the  Saint  Louis  consists  of 

io-^^er  magnesian  or  somewhat  sandy  limestone,  grading  at 

^^^^^s  into  a  calcareous  blue  sandstone  and  an  upper  white  com- 

^^^t   or  granular  limestone.    A  brecdated  zone  often  separates 

^^^   two  members.    From  a  study  of  the  field  relations  of  the 


• 
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above  beds  and  those  already  discussed  under  the  head  of  the 
Osage,  it  would  appear  that  the  upper  or  so-called  Warsaw  beds 
of  the  Osage  are  the  same  as  the  arenaceous  member  of  the  Saint 
Louis  of  Keyes  and  Gordon.  Whatever  the  taxonomic  relations 
of  these  beds  may  be,  both  members  of  the  Saint  Louis  as  given 
above  are  quarried  to  some  extent,  the  limestone  being  the  more 
highly  prized,  in  the  numerous  outcrops  available. 

The  sections  given  below  give  a  fair  picture  of  the  leading 
characteristics  of  the  beds. 

A  mile  west  of  Sand  Prairie  the  Saint  Louis  appears  in  sev- 
eral ravines  opening  into  the  Des  Moines  valley,  and  from  these 
some  stone  has  been  produced  for  local  use.  One-half  mile  above 
Hillsdale,  the  Santa  Fe  Railway  worked  extensively  years  ago. 
The  section  is  shown  as  follows : 


6.    Son  and  drift 6-|- 

5.    Limestone,  brecciated,  with  pockets  of  green  clay,  sometimes 

rudely  and  coarsely  stratified 30 

4.    Limestone,  blue,  encrlnital 3 

3.    Shale,  blue,  calcareous 3 

2.    Sandstone,  blue,  calcareous,  with  discontinuous  beds  of  blue 

shale;  the  principal  quarry  rock 8 

1.    Shale,  blue 15 

The  stone  was  used  largely  for  bridge  work;  the  rubble  and 
small  sizes  were  put  through  the  crusher. 

Just  below  Belfast  some  quarrying  has  been  done.  The  stone 
was  used  largely  by  the  Chicago,  Eock  Island  &  Pacific  Eailway 
for  bridge  work.  The  section  quite  closely  resembles  the  Santa 
Fe  quarry,  though  the  sandstone  horizon  was  more  extensively 
developed.  The  section  which  may  be  seen  at  the  present  time 
is  as  follows : 

BELFAST  SECTION. 


5.  Soil  and  drift,  which  thicken  considerably  back  in  the  bluff, 
variable  at  the  face. 

4.  Limestone,  earthy,  yellowish,  gray  to  blue-gray,  weathers 
clayey;  probably  attains  much  thickness  in  the  bluff,  ex- 
posed        4 

3.  Limestone,  brecciated  and  concretionary  and  shaly,  in  places. 
The  concretions  appear  to  be  compact,  brittle,  blue,  lime- 
stone, uniform  neither  in  thickness  nor  in  appearance 4 

2.  Limestone,  arenaceous,  especially  below,  fossiUferous;  gray 
to  blue-gray;  thinly  bedded,  although  bedding  planes  are 
not  apparent 8 
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FEET. 

1.  Sandstone,  calcareous,  or  limestone,  highly  arenaceous,  in 
heavy  beds  up  to  five  feet  in  fresh  exposure;  beds  rather 
uneven  and  show  some  tendency  to  wedge;  cross-bedding 
is  evident  in  places,  exposed  12 

The  base  of  the  section  is  about  four  feet  above  the  railway 
track.  No  quarrying  is  being  done  at  the  present  time.  About 
a  fourth  of  a  mile  below  the  railway  station  in  Belfast,  twenty 
feet  of  plastic  shales  are  exposed  along  a  small  creek  entering 
the  Des  Moines  from  the  east.  The  shale  appears  to  be  quite 
uniform  in  character  throughout  and  lies  clearly  below  the  beds 
in  the  above  sections.  The  section  continues  about  one  hundred 
yards  up  stream,  where  it  is  obscured  by  talus.  Near  the  east 
end  of  the  outcrop,  a  weathered  caprock  appears  at  just  about 
the  level  of  the  Chicago,  Rock  Island  &  Pacific  railroad  track. 
The  depth  of  the  shales  below  the  stream  channel  is  unknown. 

Exposures  of  Saint  Louis  continue  up  Des  Moines  river  but 
almost  no  quarrying  is  done  at  the  present  time,  afld  no  new 
phases  are  shown. 

One  of  the  best  sections  exposed  in  the  interior  of  the  county  is 
located  along  Sugar  crfeek  about  one  and  a  half  miles  east  of  the 
town  of  Franklin.    The  following  beds  are  exposed : 

GRANER  QUARRY. 

FEET. 

10.     Drift 10 

'  9.    Limestone,  white,  granular,  oolitic,  even-textured,  more  or 

less  distinctly  cross*t)edded 8 

8.  Limestone,  subcrystalllpe 2 

7.  Limestone,  blue,  concretionary 1 

6.  Shale,  blue. : . , % 

5.  Limestone,  granular,  oolitic 6 

4.  Limestone,    brecclated 10 

'3.  Limestone,  brown,  arenaceous 8 

•  2.  Shale,  blue ' 10 

1.  -Shale,  blue,  with  geodes • .  20 

Beds  5,  7  and  8  dress  well  and  have  been  used  in  making  tomb- 
stones. Number  3  has  been  used  for  all  kinds  of  rough  masonry 
and  for  bases  of  monuments.  All  the  layers  were  used  formerly 
for  manufacturing  lime,  but  number  7  was  the  best  f 6i*  this  pur- 
pose. 
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UNN  COUNTY. 
Sand  and  Gbayel. 

There  are  extensive  bodies  of  upland  gravels  in  the  neighbor- 
hood of  Viola  and  Spxingville.  Several  of  the  hills  south  and 
east  of  Viola  are  capped  with  Buchanan  gravels  and  these  are 
said  to  extend  several  miles  northwest  of  the  town.  Three  miles 
to  the  northwest  the  county  owns  an  acre  of  land  whence  consid- 
erable gravel  has  been  removed  for  road  making.  A  well  sunk 
near  the  county  line  about  a  mile  east  of  Viola  is  reported  to 
have  penetrated  thirty-seven  feet  of  gravel.  Underlying  the  bed 
a  brownish  hardpan  was  encountered.  The  gravels  also  extend 
to  the  southeast  as  far  as  Mar  telle  in  Jones  county. 

A  large  pit  has  been  opened  on  the  west  side  of  the  road  about 
one-half  mile  south  of  Viola,  in  the  southwest  quarter  of  sec- 
tion 13,  Brown  township.  Part  of  the  pit  is  owned  by  the  county 
and  part  by  Mrs.  Rosella  Corbett,  who  owns  the  adjacent  land. 
This  pit  shows,  under  one  or  two  feet  of  black  loam,  about  three 
feet  of  coarse  gravel  with  which  is  mingled  considerable  clay, 
enough  to  give  a  sticky  feel  to  the  moist  material.  Some  of  the 
pebbles  in  this  layer  are  from  two  to  four  inches  in  diameter,  but 
many  of  them,  especially  the  granites,  are  badly  decayed.  Be- 
low the  gravel  are  exposed  four  to  five  feet  of  finer  sand,  with 
some  clay.  This  layer  is  very  much  reddened  and  its  iron  con- 
tent oxidized.  In  several  places  streaks  of  dirt  are  shown  in  the 
pit.  This  material  must  be  contemporaneous  in  its  deposition 
with  the  sands. 

The  material  from  this  pit  has  been  used  on  the^  streets  in 
Viola  and  gives  excellent  satisfaction.  The  clay  serves  as  a 
binder  and  assists  in  packing  the  roadbed  and  keeping  it  free 
from  dust.  The  county  hauled  out  about  twenty  carloads  in  the 
summer  of  1908,  chiefly  for  use  on  the  boulevard  between  Cedar 
Bapids  and  Marion.  The  gravel  also  gives  good  results  in  con- 
crete work. 

Very  little  stripping  is  required  to  reach  these  gravels.  There 
is  no  loess  overlying  those  in  the  pit  just  described  and  the  same 
holds  true  for  a  small  pit  across  the  road  and  a  few  hundred 
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yards  eastward.  A  small  exposure  on  the  south  edge  of  town 
has  a  little  loess  covering  and  some  loess  is  seen  along  the  road- 
side. 

Along  the  road  between  sections  15  and  22,  Brown  township, 
the  gravels  are  exposed  and  in  the  southwest  corner  of  section 
16  is  a  large  pit  opened  in  gravels  similar  to  those  at  Viola. 
Under  a  foot  of  humus  are  found  six  to  ten  feet  of  irregularly 
bedded,  altematingly  coarse  and  fine  gravels  very  much  red- 
dened and  iron-stained,  and  with  the  granite  pebbles  badly  de- 
cayed. Local  seams  of  day  are  present,  but  there  is  not  so  much, 
apparently,  as  in  the  Viola  deposit.  At  the  bottom  of  the  pit 
is  a  fine  red  sand,  rather  incoherent  and  breaking  down  quite 
readily,  while  the  coarser  gravel  is  somewhat  indurated  and 
stands  up  fairly  well.  There  may  be  some  clay  as  well  as  iron 
present.  The  gravels  have  been  used  on  the  roads  near  Spring- 
viUe  and  in  most  cases  with  excellent  results.  The  roadway  is 
firm  and  hard  and  fairly  free  from  dust  and  loose  sand.  Where 
the  cleaner  sand  was  used,  however,  the  roadbed  is  still  soft  and 
dusty. 

Stonb. 

The  Niagaran  limestone  includes  an  irregular  strip  which 
crosses  the  east  end  of  the  county  and  comprises  one-third  of  its 
superficial  area.  Tongue  shaped  projections  extend  up  all  of 
the  more  important  streams,  reaching  Cedar  Bapids  along  the 
Cedar.  The  Niagaran  presents  its  usual  phases,  including  a 
lower  heavy  bedded,  coarse,  cherty  dolomite  now  referred  to  the 
Hopkinton,  whidi  is  followed  by  the  subcrystalline,  hard,  brittle, 
often  highly,  inclined  beds  of  the  LeClaire  and  these  in  turn,  suc- 
ceeded by  the  smooth,  evenly  bedded  gray  to  buff,  dolomitic 
layers  of  the  Anamosa  phase  of  the  Gower,  which  are  followed  in 
turn  by  hard,  compact,  brittle  magnesian  limestones,  which  Nor- 
ton has  designated  the  Bertram,  and  which  complete  the  series. 

Practically  all  of  the  important  quarries  in  the  county  are 
operating  in  the  Anamosa  beds  which  are  typically  developed  at 
Stone  City,  while  the  lime  producers  are  developing  the  LeClaire 
beds.  A  wealth  of  exposures  occurs  along  nearly  all  of  the  prin- 
cipal streams.    A  few  only  are  given  by  way  of  illustration. 
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The  sections  already  given  for  Stone  City  and  vicinity  may  be 
taken  as  a  standard,  as  the  beds  are  more  extensively  exposed 
and  developed  at  that  point  than  at  any  point  in  Linn  county.  At 
Mount  Vernon  practically  the  same  beds  appear  and  differ  only 
in  being  of  slightly  coarser  grain.  The  quarries  are  connected 
by  a  switch  with  the  maiii  line  of  the  Chicago  and  North  West- 
em  Eailway  and  are  equipped  with  a  steel  derrick,  cars,  track- 
age, an  inclined  plane  to  a  No.  3  Gates  crusher  and  the  usual 
number  of  elevators,  screens  and  bins.  The  quatry  section 
shows  the  following  sequence  of  layers : 

MOUNT   VERNON   SECTION. 

FEET. 

4.     Soil,  lo€S8  and  drift 0-10 

3.    Limestone,  dolomltlc,  weathered  to  spalls  and  chlpstone 6-8 

2.    Limestone,  dolomltlc.  In  layers  up  to  eight  Inches  In  t)ilck- 

ness 3-5 

1.    Dolomite,  In  layers  ranging  from  six  to  thlrty-slx  Inches'  In 

thickness,  aggregating,  exposed 12 

The  pit  is  filled  with  water  at  the  present  time  so  that  number 
1  is  obscured  very  largely.  The  property  is  in  litigation  and  the 
quarry  has  not  been  operated  save  in  a  very  small  way  during 
the  past  few  years.  Stone  suitable  for  bridge  work,  caps  and 
sills,  dimension  and  cut  stone  purposes,  is  available  and  equal  in 
quality  to  any  produced  from  the  Niagaran  in  Iowa.  Other  quar- 
ries have  been  opened  in  the  district,  some  of  which  are  still 
operated  intermittently. 

Splendid  sections  of  the  Anamosa  stone  may  be  viewed  along 
the  Wapsipinicon  northwest  of  Stone  City.  Several  quarries 
have  been  opened  at  Waubeek  and  vicinity,  but  owing  to  the 
lack  of  proper  transportation  facilities,  stone  is  produced  to 
supply  the  local  demand  only.  The  beds  available  are  essentially 
the  same  as  those  exploited  at  Stone  City  and  are  as  easily 
accessible. 

The  Devonian  limestones  cover  about  two-thirds  of  the  super- 
ficial area  of  the  county  and  are  quite  generally  exposed  along 
the  principal  streamways,  but  notwithstanding  these  facts,  com- 
paratively little  dimension  stone  is  derived  from  any  of  the  beds. 
The  Anamosa  beds  of  the  Niagaran  practically  have  a  monopoly 
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of  the  commercial  building  stone  trade  in  this  part  of  the  state. 
All  of  the  members  of  the  Devonian  represented  in  the  county 
furnish  some  stone  suitable  for  structural  purposes,  especially 
crushed  stone. 

The  Coggan  beds  of  Norton,  formerly  referred  to  the  Niagaran 
but  at  present  included  in  the  Devonian,  are  dolomitic,  heavy- 
bedded,  destitute  of  lamination  and  often  porous  and  highly 
vesicular.  When  sufl&ciently  compact,  the  stone  is  well  adapted 
for  bridge  work  and  other  heavy  masonry.  A  quarry  near  the 
railway  station  at  Coggan  gives  a  fair  idea  of  the  beds  and  is  as 
.  follows : 

COGGAN  SECTION. 


4.  Soil»  loess  and  drift  of  variable  thickness. 

3.  Limestone,  gray,  hard,  compact,  subcrystalline,  magnesian; 

layers  from  one  to  four  inches  thick,  weathering  into 
block-chipstone  2 

2.  Limestone,  massive,  pale  buCT,  magnesian,  moderately  hard, 

granular,  subcrystalline;  porous  or  vesicular,  with  a  few 
irregular  cavities  about  an  inch  in  diameter;  in  layers 
eighteen  to  twenty-four  inches  thick.  In  places  the  rock 
weathers  into  chlpstone,  and  is  a  brownish  buff,  semi- 
earthy,  semicrystalline  limestone;  exposed  to  quarry 
floor 8 

1.  Slope  to  water  in  river,  elsewhere  seen  to  be  occupied  by 

massive  limestone  as  above 6 

The  beds  exposed  here  are  quite  variable  texturally  and  in 
color.  They  vary  from  a  compact  subcrystalline  limestone  to 
a  highly  vesicular  to  earthy  material  almost  pumaceous  in  char- 
acter. The  full  thickness  of  the  Coggan  beds  is  displayed  a  short 
distance  above  the  dam  at  Central  City.  The  sequence  is  as 
follows : 

CBNTRAL  CITY  SECTION. 

FEBTT. 

6.    Soil,  loess  and  drift,  variable  thickness. 

5.  Idmestone,    even-bedded,    nonmagnesian    above,    becoming 

more  and  more  magnesian  below,  and  so  graduating  by 
thin  layers  into  the  beds  below  that  the  line  between  them 
is  somewhat  arbitrarily  drawn  (Otis  Beds) 12% 

4.  Limestone,  magnesian,  light  buff,  compact,  granular '/• 

3.  Limestone  as  above,  darker,  also  nonfossiUferous  excepting 

some  minute  vermicular  cavities;  in  three  layers 1 

2.  Limestone,  massive,  buff,  magnesian;  with  moulds  and  casts 

of  fossils,  as  at  Coggan;  porous  and  vesicular;  upper  layer 
cherty,  with  dark  nodules  forming  in  places  a  continuous 
band.  The  layers  from  above  downward  are  respectively 
one  foot,  five  feet  and  ten  inches,  eleven  inches,  and  four 
feet  ten  inches  in  thickness 12Vii 

1.     Unexposed  to  river 10 
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Numbers  2,  3  and  4  of  the  above  belong  to  the  Coggan  beds. 
These  beds  maintain  their  level  to  a  fine  exposure  on  the  left 
bank  of  the  river,  two  miles  northwest  of  Central  City,  at 
Granger's  old  quarry. 

The  Otis  beds  of  Norton  have  been  exploited  more  extensively 
for  crushed  stone  than  any  other.  Several  large  crusher  plants 
are  located  in  Cedar  Eapids  and  vicinity  and  furnish  stone  for 
street  and  road  work,  concrete  and  railway  ballast.  The  prin- 
cipal plants  are  located  east  and  south  of  town  on  either  side  of 
Cedar  river.  One  of  the  largest  plants  running  at  the  present 
time  is  operated  by  J.  J.  Snouflfer,  Jr.,  and  is  located  along  the 
Chicago,  Eock  Island  and  Pacific  railway  in  the  south  part  of 
town.    The  beds  exposed  are  approximately  as  follows : 

FEET. 

12.     Loess  stripping 12-20 

11.    Thin-bedded,  shelly,  weathered  limestone,  for  the  most  part 

worthless;  portions  of  lower  ledges  usable  in  crusher 11-12 

10.  Light  brown,  saccharoidal  limestone,  heavy  ledge,  contain- 
ing cavities  and  masses  of  crystalline  calcite,  in  places, 
contains  numerous  fragments  of  soft  yellow  limestone, 
prominent  in  face  of  quarry 4 

9.  Similar  to  No.  10  but  more  distinctly  laminated  and  sepa- 
rates readily  along  bedding  planes 2 

8.    Laminated,  soft  magnesian  limestone,  sandy   to  the  feel, 
porous;  thin-bedded  and  breaks  well  both  horizontally  and 
vertically,  contains  occasional  small  caldte  cavities 4 

7.    Limestone,  dense  brown,  noncrystalline  ledge 2^ 

6.    Ledge,  dark  brown  in  color,  including  in  places  thin  layers 

of  black,  carbonaceous  clay ly^ 

5.  Limestone  ledge,  light  drab  in  color,  has  suffered  shattering, 
cut  by  thin,  irregular  veins  of  crystalline  caloite;  dose 
texture  and  conchoidal  fracture IVs 

4.     Dark  brown  limestone,  in  large  part  coarsely  crystalline; 

hard  and  breaks  very  irregularly IV, 

3.  Hard,  close-textured  limestone,  has  apparently  been  shat- 
tered and  recemented  by  numerous  veinlets  of  calcite; 
displays  fine  wavy  laminations 2V« 

2.  Shale,  black,  carbonaceous  and  contains  fragments  of  lime- 
stone, in  places  soft  and  plastic , Vb'^ 

1.  Sugary  brown  dolomite  in  layers  from  two  to  six  Inches, 
alternating  laminae  of  vary ing  shades ;  the  darker  weather- 
ing to  a  residue  of  dusty  ^and ;  breaks  irregularly  except 
along  planes  of  stratification 5 

This  quarry  is  located  in  close  proximity  to  the  Chicago,  Eock 
Island  and  Pacific  tracks.  At  present  the  total  output  is  crushed 
stone.  The  crusher  is  located  on  the  railroad  and  the  stone 
hauled  by  horse  and  cart  up  a  low  incline.     Four  grades  of 
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crushed  product  arfe  put  on  the  market,  viz.,  No.  1  ranging  in 
size  from  1  to  2i^  inches;  No.  2  from  %  to  1  inch;  No.  3,  14  to 
34,  and  No.  4,  below  %  inch  in  diameter  and  termed  ''rode 
dust.'' 

The  upper  beds  of  the  Wapsipinicon  are  quite  generally  brec- 
ciated  and  as  a  consequence  have  been  but  little  quarried.  These 
beds  have  been  developed  in  a  small  way  at  Marion,  and  in  the 
vicinity  of  Cedar  Eapids  and  Flemingville. 

The  Cedar  Valley  beds  are  often  too  shaly  to  be  of  much  use 
for  building  or  crushed  stone  purposes.  As  developed  in  Linn 
county,  they  break  up  readily  under  the  action  of  frost  and  are 
not  evenly  bedded.  The  best  quarries  are  in  the  vicinity  of  Cen- 
ter Point,  Toddville  and  Troy  Mills.  At  best  the  stone  produced 
is  not  recommended  for  important  structures  as  a  coursing  stone, 
but  may  be  used  as  crushed  stone. 

LOUISA  COUNTY. 
Sand  and  Oravel. 

The  gravel  and  sand  deposits  of  Louisa  county  represent  at 
least  three  horizons  geologically,  viz.,  Aftonian,  Buchanan  and 
recent.  The  benches  which  occur  along  Iowa  and  Cedar  rivers 
may  have  been  formed  from  the  waste  from  melting  lowan  ice. 

The  Aftonian. — The  Nebraskan  or  lowest  glacial  till  in 
Louisa  county  is  almost  invariably  overlain  by  sand  and  gravel, 
varying  in  thickness  from  two  to  ten  feet.  This  is  occasionally 
cemented  into  a  mortar-like  rock.  The  prevailing  color  of  the 
deposit  is  yellow.  A  peculiar  relation  which  it  maintains  to  the 
till  below  is  that  pockets  of  the  sand  extend  down  into  the 
otherwise  level  surface  of  the  latter.  These  pockets  are  from 
one  to  several  feet  in  width  and  of  equal  depth.  Occasionally 
they  form  *  *  filled  tunnels ' '  in  the  drift.  This  stratum  is  the  main 
water  sand  in  all  the  deep  wells  of  the  upland.  Along  the  level 
of  its  outcrops  in  the  bluffs  there  are  a  number  of  springs.  These' 
gravels  will  be  described  in  some  detail  in  the  report  on 
Union  county. 
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Buchanan  Gravels. — ^Above  that  part  of  the  Kansan  till  which 
is  east  of  Iowa  river,  there  often  lies  another  sand  which  has 
the  same  relation  to  the  Kansan  as  the  Aftonian  has  to  the 
Nebraskan.  This  is  seen  in  several  places  along  the  Mnscatine 
North  and  South  railroad,  particularly  in  section  10,  Grand  View 
township.  In  the  northeast  quarter  of  the  northeast  quarter  of 
this  section  it  rests  on  an  almost  horizontal  plane  surface  on  the 
Kansan  bowlder  clay.  This  plane  is  sharply  marked  and  can  be 
seen  for  a  quarter  of  a  mile.  The  sand  is  evidently  a  glacial 
product.  It  is  somewhat  gravelly,  contains  occasional  striated 
pebbles,  and  is  rather  imperfectly  assorted.  Here  and  there  it 
has  a  long  slanting  or  curving  oblique  lamination  and  is  also 
seen  to  run  into  silt.  Occasional  pockets  extend  into  the  under- 
lying drift.  In  the  southwest  quarter  of  section  11,  Grand  View 
township,  it  is  ocherous  from  the  infiltration  of  ferruginous  ma- 
terial. In  other  places  it  is  leached  to  a  gray  color.  Sometimes 
its  upper  part  changes  into  a  soil-like  stratum,  either  directly 
overlain  by  loess  or  plainly  covered  by  another  till. 

Terrace  and  Alluvium. — The  greater  part  of  the  higher  low- 
lands along  Iowa  and  Cedar  rivers  lie  from  thirty  to  forty  feet 
above  the  flood  plains.  This  higher  lowland,  usually  known  as 
the  *  *  second  bottom, "  is  an  ancient  terrace  which  probably  was 
built  up,  in  part  at  least,  at  the  time  of  the  lowan  ice  invasion. 
It  consists  of  sand  and  some  gravel  with  a  thin  veneer  of  loess. 
In  many  places  the  surface  materials  have  been  drifted  by  the 
wind  into  sandy  ridges.  The  depth  of  the  terrace  sand  is  not 
certainly  known,  except  at  a  few  points  along  the  river.  Around 
Wapello  and  north  of  Columbus  Junction  it  is  seen  to  rest  on 
the  Nebraskan  till  and  is  some  thirty  or  thirty-five  feet  deep. 
This  same  terrace  is  continued  up  the  valley  of  Long  creek  as  far 
as  section  13,  township  75  N.,  R.  V  W.  It  is  also  present  along 
the  lower  courses  of  some  of  the  other  tributaries  coming  from 
the  uplands.  On  Long  creek  the  terrace  sand  is  sometimes  over- 
lain by  a  few  feet  of  a  fine,  laminated,  grayish  blue  silt,  above 
which  there  is  the  usual  loess  capping.  Along  Otter  creek  in 
sections  1  and  2,  township  73  north,  range  IV  west,  this  loess 
capping  with  a  soil  layer  on  top  has  been  covered  over  by  a  few 
feet  of  more  recent  alluvium. 
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On  the  bottoms  of  Mississippi  river  a  similar  terrace  extends 
south  from  Muscatine  county  in  sections  4  and  9,  township  75 
north,  range  11  west.  This  is  probably  a  remnant  of  an  exten- 
sive terrace  built  up  over  these  lowlands  by  the  drainage  of  the 
Wisconsin  ice. 

The  most  recent  deposits  are  represented  by  the  alluvium 
fiom  the  present  streams  now  laid  down  over  their  flood  plains 
during  high  water.  This  consists  in  the  main  of  dark  sandy  silt 
and  gray  sand.  The  most  extensive  alluvial  tracts  are  along 
Mississippi  river,  where  only  a  few  vestiges  of  the  earlier  ter- 
races remain. 

9rONB. 

The  underlying,  indurated  rocks  that  are  exposed  in  Louisa 
county  belong  almost  exclusively  to  the  Kinderhook  and  Osage 
stages  of  the  Mississippian.  The  Kinderhook  beds  consist  chiefly 
of  soft  clays  and  impure  limestones,  with  occasional  strata  of 
sandstone.  The  Osage  is  represented  by  the  heavier,  more  dur- 
able beds  of  the  Burlington  limestone.  Exposures  are  found  in 
the  southern  and  southwestern  portions  of  the  county.  They 
appear  to  best  advantage  in  the  bluffs  west  of  the  Mississippi 
and  south  of  Iowa  river  in  Elliott,  Wapello  and  Morning  Sun 
townships.  Outcrops  are  also  common  along  the  streams  in 
Colxmibus  and  Elm  Grove  townships. 

The  best  stone  comes  from  the  Upper  Burlington  beds  and  all 
of  the  present  working  quarries  make  use  of  these  strata.  The 
lower  beds  were  formerly  worked  on  the  property  of  J.  D.  Ander- 
son, just  south  of  Elrick  Junction,  but  this  rock  is  usually  too 
much  weathered  to  furnish  durable  building  material.  The  prin- 
cipal quarries  are  located  near  Morning  Sun  on  Honey  creek  and 
on  Long  creek  and  its  tributaries. 

The  Chas.  B.  Wilson  quarry,  one  and  one-half  miles  east  of 
Morning  Sun  in  the  southwest  quarter  of  section  28,  aflFords  a 
characteristic  section  of  the  Upper  Burlington.  The  following 
details  are  based  in  part  on  data  found  in  the  Geology  of  Louisa 
County* 

•J.  A.  Udden.  Iowa  Geol.  Survey,  Vol.  XI,  p.   76. 
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FEET. 

6.    Disintegrated  crinoidal  limestone,  brown  to  yellow 3% 

5.    Partially   weathered   crinoidal   limestone  containing   some 

chert;  ledges  4  to  6  inches  thick,  fair  stone 2Vs 

4.    White  chert,  nearly  falls  In  places  % 

3.    Yellowish  crinoidal  limestone  with  chert  above  and  contain- 
ing fossils   4 

2.  Yellowish  fine-grained  limestone,  containing  open  pocikets 
often  lined  with  botryoldal  calcite  or  quartz  crystals,  soft 
and  can  usually  be  crumbled  to  a  powder  in  the  fingers. .    1-3 

1.  Coarsely  crystalline  pure  limestone,  light  brown  to  bluish 
white;  in  ledges  from  one  foot  above  to  massive  three-foot 
ledges  below;  stylolitlc  Jointing  very  common;  free  from 
chert 6 

The  quarry  base  is  about  twenty-five  feet  above  low  water  in 
Honey  creek.  This  depth  consists  largely  of  cherty  limestone 
in  part  obscured.  A  face  approximately  one-fourth  mile  in 
length  has  been  opened  on  both  sides  of  the  stream  and  a  large 
amount  of  stone  removed.  With  the  exception  of  the  upper  few 
feet,  there  is  little  worthless  material  in  the  section,  and  num- 
bers 1  and  3  especially  afford  a  most  excellent  stone  for  any 
of  the  finer  grades  of  work.  A  considerable  acreage  is  available 
at  this  point,  both  to  the  east  and  west  of  Honey  creek,  over 
which  there  is  no  drift  and  little  else  to  require  much  dead  work 
in  stripping. 

A  similar  succession  is  found  at  the  W.  C.  Bryant  quarry  just 

south  of  the  Iowa  Central  track  in  the  southeast  comer  of  sec- 

* 

tion  29.  Seven  and  one-half  feet  of  number  1  are  quarried,  and 
the  opening  has  reached  such  a  depth  that  number  2  is  quite 
firm  and  unweathered.  It  is  seen  to  be  a  coarsely  granular  and 
fossiliferous  brown  limestone  similar  to  number  3,  save  for  the 
presence  of  numerous  geode  cavities.  The  heavy  beds  furnish 
suitable  stone  for  heavy  foundations,  bridge  piers,  and  other 
masonry  work,  besides  walls  and  finishings.  The  white  stone 
does  not,  however,  split  with  uniformity  in  any  direction  except 
along  well  defined  lines  of  stratification. 

The  stone  is  handled  in  this  quarry  by  derrick  to  wagons  and 
some  is  shipped  from  Morning  Sun. 

Number  1  in  these  quarries  is  an  unusually  pure  limestone  as 
shown  by  the  chemical  analysis,  given  herewith,  of  a  sample  from 
the  Wilson  property. 


f 
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Insoluble  1 .  60 

Iron  oxide  and  alumina  (FejO,  +  AljO,) 1.20 

Lime  carbonate  (CaCX),) 97.02 

Magnesium  carbonate  (M^O.) 32 

Hygroscopic  moisture 34 

Total    100. 4» 

The  very  low  magnesia  content  commends  the  stone  for  the 
manufacture  of  Portland  cement.  It  would  also  make,  without 
doubt,  an  excellent  grade  of  white  lime. 

Both  the  Wilson  and  the  Bryant  quarries  are  conveniently 
located  for  transportation  of  the  output  by  rail.  The  stone  is 
of  high  quality  and  limitless  quantities  are  available.  The  ter- 
ritory to  be  supplied  is  principally  the  counties  to  the  westward 
of  Louisa  which  are  heavily  drift  laden  and  possess  no  building 
j  stones  of  their  own. 

/  The  Ackenbaum  quarry  is  located  in  the  northwest  quarter  of 

section  27,  Morning  Sun  township.     The  beds  here  consist  of 

about  three  feet  of  overljdng  disintegrated  crinoidal  limestone, 

associated  with  the  lighter  colored  heavier  beds  as  exposed  on 

Honey  creek.    The  latter  are  beds  coarsely  crystalline  to  sac- 

ciaroidal  in  texture.    A  stylolitic  structure  is  common,  but  the 

rock  splits  irregularly  and  with  no  greater  facility  along  such 

i^es  of  jointing.    The  stone  outcrops  for  some  distance  along 

^^spel  run  and  at  the  quarry  face  is  covered  with  but  one  to 

three  feet  of  loesslike  soil.    Immediately  back  from  the  streams, 

^^'^ever,  there  is  a  heavy  drift  covering. 

-^^ere  are  a  number  of  small  quarries  situated  along  Long  and 

rigton  creeks  in  Columbus  and  Elm  Grove  townships  re- 

dvely.  The  old  Wasson,  now  C.  J.  Gipple,  quarry,  in  the  low 

je  along  the  south  bank  of  the  south  branch  of  Long  creek 

^>ie  northwest  corner  of  section  23,  Elm  Grove,  affords  the 

A  o-^ring  section : 

FEET. 

9.  Soil  in  small  amount  which  does  not  thicken  materially  for 
several  rods  from  quarry  face. 

8.    Limestone,  badly  shattered,  containing  much  chert  below. . .       7 

7.  Disintegrated  limestone  carrying  much  chert.  Worked  back 
in  the  hill,  becomes  a  fairly  firm  rock  of  bluish  color  and 
crystalline  texture;  separates  into  ledges  of  6  inches  to  1 
foot 
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FEET. 

6.    Yellow,  disintegrated  limestone,  in  part  solid  and  coarsely 

crystalline    3 

5.    Blue  shale,  calcareous 1 

4.    Band  of  chert,  fossiliferous,  persistent,  used  for  building 

rock;    a  maximum  of   1 

3.    Yellow,  badly  disintegrated  crinoidal  limestone  with  geode 

cavities,  in  part  a  crumbling  brown  sand 4 

2.    Yellowish,  partially  disintegrated  but  usable  limestone 1% 

1.    Crinoidal  white  limestone,  in  ledges  from  6  to  10  inches. 

Number  1  is  not  now  in  sight  but  has  been  taken  out  to  a 
depth  of  twelve  feet  as  the  principal  quarry  rock.  The  base  of 
the  full  quarry  face  would  therefore  be  somewhat  below  water 
level  in  the  creek. 

These  same  beds  crop  at  an  indefinite  number  of  points  in 
this  vicinity  on  Long  creek  and  in  section  14  of  Elm  Grove  town- 
ship on  BuflSngton  creek. 

J.  L.  Thurston  takes  out  a  small  amount  of  stone  near  the 
northwest  corner  of  section  14,  and  J.  E.  Gray  and  J.  M.  Mar- 
shall quarry  the  same  **  white '^  beds  in  the  north  part  of  section 
3,  Columbus  township.  At  the  Marshall  quarry,  considerable 
stone  has  been  quarried  in  the  past  and  there  is  less  stripping 
needed  than  at  other  observed  points  where  quarrying  is  done. 

Western  Louisa  county  in  general  is  heavily  drift  laden  and 
the  rocks  are  exposed  only  at  infrequent  intervals  along  the 
streams. 

LUCAS  COUNTY. 
Sand  and  Gbavel. 

Lucas  county  is  wholly  within  the  loess-covered  Kansan  area. 
Chariton  river,  the  principal  stream  in  the  county,  has  a  low 
grade  and  is  characterized  by  mud  flats  and  bars.  Sand  and 
gravel  deposits  are  exceedingly  rare.  Some  of  the  smaller 
streams  contain  meager  amounts  of  sand  and  gravel  in  their 
channels,  not  suflScient,  however,  to  satisfy  the  local  demand. 
Practically  all  of  the  road  and  concrete  material  used  is  im- 
ported.   The  older  gravels  are  concealed. 

Stone. 

The  country  rock  of  Lucas  county  belongs  entirely  to  the  Coal 
Measures.    The  formation  consists  almost  whoUv  of  shales  with 
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seams  of  coal  and  accompanying  beds  of  fire  clay.  Occasional 
thin  bands  of  dark  bluish  limestone  and  moderate  thicknesses  of 
sandstone  are  found  associated  with  the  heavy  beds  of  shale. 

In  Pleasant  township,  near  the  northeast  corner  of  the  county, 
ten  to  fifteen  feet  of  a  coarse,  grayish  blue  sandstone  outcrop 
along  Flint  creek.  Quarrying  to  any  extent  has  not  been  done, 
but  the  beds  are  available  at  a  number  of  points  along  this 
stream  and  its  tributaries.  On  a  branch  of  the  Little  White- 
breast  in  the  northeast  quarter  of  section  32,  English  township, 
a  soft  yellow  sandstone  occurs  associated  with  bituminous  shales 
and  has  been  quarried  in  years  past. 

Upper  Coal  Measure  beds  may  be  seen  on  Long  Branch  in  the 
northwest  quarter  of  section  3  of  English  township,  where  lime- 
stone quarries  were  formerly  worked.  The  beds  consist  of  about 
four  feet  of  light  gray  overlain  with  buff  limestone,  separated 
in  ledges  by  calcareous  shaly  partings.  The  stone  is  said  to  pro- 
duce a  high  grade  of  quick-lime  and  has  been  used  for  this  pur- 
pose. Limestone  has  also  been  quarried  and  burned  for  lime 
on  the  Little  Whitebreast  two  miles  northeast  of  Chariton. 

On  the  whole,  the  building  stone  resources  of  Lucas  county  are 
very  limited,  the  valuable  beds  being  in  general  so  associated 
with  other  sedimentary  strata  as  to  render  their  utilization  im- 
possible. 

LYON  COUNTY. 
Sand  and  Gravel. 

Lyon  county  is  bountifully  supplied  with  sands  and  gravels, 
in  the  main  closely  related  to  the  various  drift  sheets  as  gravel 
trains  which  margin  the  present  streams,  as  terraces,  and  as 
kames  which  are  more  or  less  irregularly  distributed  over  the 
upland.  In  addition  to  these  deposits  the  present  streams  have 
classified  and  deposited  large  quantities  of  sands  and  gravels  as 
bars  and  banks. 

Stream  Terraces. — The  stream  terrace  gravels  are  by  far  the 
most  important  in  Lyon  county.  Enormous  quantities  are  to 
be  found  in  the  terraces  of  Rock  river  especially,  and  in  lesser 
quantities  along  the  smaller  streams,  such  as  Little  Rock  river^ 
Otter,  Tom  and  Plum  creeks,  etc. 

27 
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The  most  extensive  openings  of  the  Bock  river  gravels  have 
been  made  at  Doon.  Here  there  are  two  pits,  one  owned  by  the 
Great  Northern  Railway  and  the  other  by  Miller  and  Montgom- 
ery. In  the  latter  pit  there  are  twenty-five  to  thirty  feet  of 
gravels  under  a  cover  of  soil  and  alluvinm  which  varies  in  depth 
from  three  to  eight  feet.  The  upper  portions  contain  more 
coarse  material,  and  pebbles  of  quartzite  and  red  sandstone  up  to 
three  inches  in  diameter  run  in  more  or  less  continuous  thin 
bands.  The  lower  eight  to  ten  feet  are  chiefly  clean  white  sand 
interspersed  with  some  very  fine-grained,  even  clayey  streaks, 
and  containing  occasional  rounded  day  balls  which  are  some- 
times as  large  as  a  man's  head.  The  supply  here  is  unlimited, 
and  a  most  excellent  grade  of  clean  sand  and  gravel  for  any 
purpose  is  obtainable. 

In  the  railroad  pit,  located  in  southeast  26  and  northeast  35, 
Doon  township,  southwest  of  the  town  of  Doon,  practically  the 
same  section  as  described  above  may  be  seen. 

Enormous  quantities  of  sand  and  gravel  may  easily  be  ob- 
tained at  Doon  and  vicinity.  The  town  itself  is  located  upon 
this  gravel  terrace,  and  hundreds  of  acres  south  and  southwest 
of  town  will  furnish  a  supply  which  is  practically  inexhaustible. 
This  area  is  readily  accessible  as  it  is  an  easy  task  to  build  a 
railway  spur  to  almost  any  portion  of  it. 

From  Doon  to  Bock  Bapids  gravel  deposits  do  not  compare  in 
amount  with  those  just  named.  The  Bock  river  terrace  is  not 
continuous  and  while  the  gravels  may  be  seen  in  many  places, 
and  it  is  practically  certain  that  they  are  present  in  others,  there 
is  no  place  where  a  pit  could  be  opened  on  anything  like  the 
scale  possible  at  Doon  or  north  of  Bock  Bapids. 

There  is  an  exposure  north  of  Doon  on  the  west  bank  of  the 
river  at  the  bridge  just  northwest  of  town.  Here  is  a  portion 
of  the  same  terrace  in  which  the  large  pits  farther  south  are 
located,  and  a  small  opening  shows  the  same  material.  Gravel 
may  be  seen  along  the  road  between  Bock  and  Garfield  town- 
ships just  west  of  where  the  railroad  crosses  it.  The  same  ter- 
race gravel  is  in  evidence  beside  the  road  in  southeast  15,  Bock 
township,  and  also  in  several  places  along  the  road  through 
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Eecords  of  city  and  private  wells  indicate  that  there  are  up- 
wards of  thirty  feet  of  gravel  here,  at  least  within  a  mile  of 
Eock  Eapids.  It  doubtless  is  not  so  deep  as  this  further  north, 
but  no  authentic  records  of  its  depth  could  be  obtained. 

The  problem  of  opening  these  gravels  on  a  commercial  scale 
is  a  simple  one.  A  railroad  spur  could  be  built  to  any  part  of 
this  region  at  a  minimum  cost,  and  a  large  area  could  be  opened 
with  but  a  small  amount  of  trackage.  The  soil  covering  is  only 
moderately  heavy  and  could  readily  be  removed. 

Along  Tom  creek  northeastward  from  Eock  Eapids  a  gravel 
terrace  can  be  followed  for  miles.  At  some  places,  as  in  south- 
west 33,  Eiverside  township,  it  is  not  particularly  prominent  nor 
are  tlie  gravels  readily  seen;  while  at  others,  as  in  section  34, 
the  gravels  are  exposed  along  the  creek  in  many  places.  This 
terrace,  while  hardly  of  sufficient  size  to  furnish  material  work- 
able on  a  large  scale,  should  yield  a  sufficient  amount  for  use  on 
roads  and  in  concrete  work  within  hauling  distance. 

Along  Little  Eock  river  a  terrace  can  be  made  out  all  the  way 
from  Little  Eock  to  its  union  with  Eock  river  at  Doon.  In  the 
vicinity  of  Little  Eock,  notably  at  the  bridge  north  of  town,  the 
terrace  has  been  opened  in  several  places.  The  material  exposed 
is  rudely  stratified  gravel  and  sand  covered  by  a  varying  depth 
of  alluvium. 

Practically  all  the  way  to  Doon  terrace  gravels  are  exposed  in 
various  places.  Through  section  9  of  Grant  township  the  terrace 
is  more  prominent  than  at  any  other  place.  Here  it  rises  sharply 
above  the  river  plain  and  the  edge  is  continuous  for  a  half  mile 
or  more.  Two  openings  in  the  terrace,  one  on  the  north  and  one 
on  the  west  lines  of  section  9,  near  the  bottom  and  top  of  the 
terrace  respectively,  indicate  that  large  quantities  of  gravel 
might  possibly  be  available  at  this  particular  place.  Develop- 
ment work  is  an  easy  problem. 

Below  George  the  terrace  is  not  nearly  so  well  defined  as 
above.  In  only  a  few  places  can  a  definite  bench  be  recognized, 
and  then  the  surface  slopes  back  to  higher  ground  very  rapidly. 
There  are  many  openings  from  which  road  and  concrete  mate- 
rials have  been  taken,  but  the  supplies  seem  to  be  adequate  for 
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local  consumption  only.  The  large  pits  at  Doon,  described  pre- 
viously, are  located  on  the  broad  flat  at  the  junction  of  Little 
Rock  and  Rock  rivers. 

Along  Big  Sioux  river  entirely  actoss  the  county  there  are 
remnants  t)f  what  must  at  one  time  have  been  an  enormous  gravel 
terrace.  By  far  the  greater  part  of  what  can  be  recognized  as 
terrace  lies  on  the  Dakota  side  of  the  river,  the  river  now  cutting 
under  the  bluffs  on  the  Iowa  side  most  of  the  way  across  the 
county. 

One  of  the  largest  openings  in  this  terrace  is  the  pit  a  mile 
west  of  Granite,  which  is  owned  by  Mr.  Iverson  and  leased  by 
the  Rock  Island  Railway.  This  pit  shows  some  twenty-two  feet 
of  stained,  unassorted  gravel,  overlain  by  four  feet  of  alluvium 
and  resting  upon  limy,  pebbly  drift  clay.  The  pebbles  are  largely 
granite  and  quartzite  and  range  in  diameter  from  six  inches 
down.  There  is  much  yellowish  clayey  matter  admixed.  In  de- 
scribing it,  I.  A.  Williams  says :  *  *  Too  dirty  for  cement  work,  but 
good  for  ballast.  *  *  The  terrace  is  fully  half  a  mile  wide  and  is 
as  flat  as  a  floor  for  a  distance  of  one  and  a  half  or  two  miles 
toward  the  north.  Although  no  actual  openings  were  seen  in 
the  northern  part  of  this  area,  it  is  highly  probable  that  the 
whole  of  it  is  underlain  by  this  water-deposited  material. 

Along  a  small  creek  in  southeast  7,  Centennial  township,  the 
top  of  the  terrace  is  opened  for  several  feet.  The  section  shows 
rotten  bowlders  and  very  much  iron-stained  sand  and  graveL  No 
stratification  whatever  could  be  made  out,  the  whole  being  but 
a  heterogeneous  mass  of  rotten  bowlders,  pebbles  and  sand. 
Bowlders  a  foot  and  more  in  diameter  crumbled  to  small  bits  at 
a  stroke  of  the  hammer,  and  the  sand  grains  were  so  deeply 
stained  as  to  be  hardly  recognizable.  It  is  hard  to  believe  that 
this  is  Wisconsin  material,  in  spite  of  the  fact  that  it  lies  at  the 
top  of  the  terrace  which  has  been  considered  by  Wilder  and 
others  as  a  Wisconsin  gravel  train. 

For  a  mile  or  so  northwest  of  Klondyke  the  terrace  is  about 
a  quarter  of  a  mile  wide  and  broadens  to  a  half  or  three-quarters 
in  section  17.  It  is  quite  probable  that  it  is  composed  largely  of 
the  old  gravels  noted  several  times.   An  exposure  of  some  fifteen 
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feet  of  these  may  be  seen  east  of  the  bridge  at  Klondyke,  and  a 
smaller  one  west  of  the  school  house  at  the  northeast  comer  of 
section  21,  where  Plum  creek  has  cut  into  the  Big  Sioux  ter- 
race. At  Klondyke  bridge  the  top  of  these  gravels  is  about  fifty 
feet  above  the  water  in  the  Big  Sioux. 

From  Klondyke  to  Beloit  the  terrace  is  mainly  on  the  South 
Dakota  side  of  the  river,  and  at  the  latter  place  it  has  a  maxi- 
mum width  of  nearly  two  miles. 

The  high  bluffs  all  along  the  river  are  a  serious  obstacle  in 
the  way  of  opening  many  of  the  river  benches.  It  is  practically 
impossible  to  haul  gravel  and  sand  by  team  over  most  of  the 
hills.  The  only  other  outlet  is  along  the  river,  and  there  are 
no  open  roads  on  the  Iowa  side.  The  roads  on  the  Dakota  side 
are  not  now  available  because  of  the  absence  of  bridges. 

Along  Blood  run  and  Plum  creek,  tributaries  of  the  Big  Sioux, 
there  are  small  gravel  terraces.  The  gravels  in  these  are  entirely 
different  from  those  in  the  main  terrace  along  the  Big  Sioux, 
and  the  amount  of  available  material  is  not  large.  Along  Plum 
creek  the  story  is  practically  the  same.  The  terrace  is  low  and 
indistinct  and  at  no  place  has  it  a  very  large  area.  On  the  south 
side  of  the  creek  near  the  southwest  comer  of  section  6,  Logan 
township,  is  an  open  pit  which  shows  material  somewhat  similar 
to  that  on  Blood  run.  This  is  a  clean  fine  sand,  topped  by  six 
to  eight  inches  of  gravel  and  the  whole  covered  by  three  or  four 
feet  of  soil  and  wash.  Only  two  or  three  feet  are  exposed,  but 
the  depth  may  run  up  to  ten  feet.  A  few  rods  south  and  west 
of  here  the  creek  exposes  the  whole  section.  Here  are  some 
seven  or  eight  feet  of  gravel  and  sand  in  all;  the  fine  sand  as 
noted  above  grades  downward  into  fine  gravel,  which  in  turn 
rests  directly  upon  blue  clay. 

These  terrace  gravels  are  being  used  for  concrete  and  other 
purposes  within  a  few  miles  of  the  open  pits.  While  there  is 
not,  economically  speaking,  a  large  amount  available,  yet  the 
supply  will  probably  prove  adequate  for  almost  all  needs  within 
a  reasonable  hauling  distance.  This  is  riot  so  true  of  Blood  run 
as  of  Plum  creek,  but  the  former  will  furnish  a  large  and  easily 
accessible  supply. 
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Outwash  Gravels. — ^An  important  deposit  of  gravel  in  the 

toimty  is  the  ontwash  plain  in  the  northeastern  part.   A  moraine, 

ttie  &ge  of  which  is  now  a  disputed  question,  crossed  the  very 

^ori;lxeastem  corner  of  the  county.    Waters  flowing  away  from 

^^e  melting  ice  deposited  an  enormous  amount  of  gravel  as  an 

^tit^v^^sli  plain  in  front  of  the  glacier.    Exposures  of  this  may 

^"^^    te  seen  in  any  number  of  places  over  an  area  of  several 

^9^a.xr^  miles. 

^,^7  ^xrmers  all  over  this  district  report  finding  gravel  in  wells, 
Qj.  ^^^^^s,  etc.,  and  in  some  cases  even  in  post  holes.  The  depth 
tt,  *ix«  cover  varies  considerably,  but  at  ahnost  no  place  is  it 
aV^j^^  than  two  or  three  feet.  The  material  itself  is  quite  vari- 
si-^jj^^*  ms  would  readily  be  expected  from  the  manner  of  its  depo- 
P^^^^^*^.  In  places  it  is  dean  and  sharp,  and  usable  for  any  pur- 
^^^^  i   at  others  so  iron-stained  and  dirty  as  to  be  good  for  al- 

nothing.    Variations  between  coarse  and  fine  occur  within 
<^s. 

"Within  this  area  are  several  pits  which  have  furnished  gravel 
for  cement  and  other  purposes.  On  the  south  side  of  the  creek 
in  southeast  24,  Midland  township,  several  hundred  feet  west 
of  the  road,  is  a  pit  which  supplies  gravel  for  cement  work  in 
the  neighborhood.  This  opening  shows  some  six  feet  of  sand 
and  gravel,  very  much  iron-stained,  and  containing  pebbles  up 
to  two  and  three  inches  in  diameter.  Fine  sand  occurs  in  lenses, 
and  the  gravel  contains  a  large  percentage  of  fine  material. 
The  covering  is  a  stony  soil,  about  one  foot  deep  at  the  open- 
ing, but  increasing  in  depth  toward  the  -upland.  Probably  fif- 
teen or  twenty  acres  would  prove  productive  here,  and  the  de- 
posit is  very  easily  accessible.  Just  west  of  the  bridge  on  the 
Une  between  sections  23  and  24,  Midland  township,  is  an  en- 
tirely different  material.  The  creek  here  has  exposed  clean 
fine  sand  overlain  by  a  few  inches  of  coarse  gravel,  the  whole 
covered  by  some  eighteen  inches  of  soil.  There  is  also  a  small 
pit  about  forty  rods  north  of  the  southeast  comer  of  Midland 
township,  in  which  are  exposed  up  to  five  feet  of  fine,  rudely 
stratified  gravel.  Most  of  the  material  is  below  thrpe-quarters 
or  one  inch  in  diameter,  but  pebbles  up  to  three  or  four  inches 
are  conmion.    Pockets  of  sand  are  numerous,  and  the  whole 
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section  is  somewhat  iron-stained.  Coarse  and  dirty  gravel  is 
exposed  on  the  north  side  of  the  creek  some  sixty  rods  west  of 
the  bridge  on  the  east  line  of  section  1,  Grant  township.  Prob- 
ably up  to  thirty  acres  or  so  will  yield  gravel  here. 

These  are  but  a  few  illustrations  of  the  variation  in  the  ma- 
terial which  is  found  in  this  outwash  plain.  The  openings  are 
found  indiscriminately  on  high  land  and  low,  and  gravels  may 
be  found  where  almost  any  kind  of  excavation  goes  through 
the  thin  covering  of  soil  over  the  gravel. 

Reworked  Materials. — The  sand  and  gravel  bars  in  the 
streams  of  Lyon  county  are,  from  an  utilitarian  standpoint, 
practically  of  no  importance.  The  enormous  quantities  of  other 
gravels  which  are  so  readily  at  hand  and  which  are  so  much 
more  dependable  in  quality  and  quantity  have  reduced  their  use 
to  the  veriest  minimum.  Sand  and  gravel  bars  are,  however, 
present  in  nearly  all  the  streams.  Those  of  the  Big  Sioux  are 
of  course  the  most  prominent,  because  of  the  enormous  amount 
of  gravel  in  the  river  terraces  which  is  easily  reworked  by  the 
stream.  Small  amounts  of  the  material  in  these  bars  are  used 
occasionally  for  local  purposes  and  numerous  openings  have 
been  made  from  time  to  time. 

The  same  is  true  of  all  the  other  streams.  The  bars  are  not 
particularly  prominent  along  Kock  river.  Little  Bock  river  has 
a  few  of  varying  importance  which  have  been  used  at  a  few 
places.  Those  of  the  other  streams  are  hardly  worth  mentioning. 

Deposits  of  Other  Kinds. — It  has  been  remarked  previously 
that  a  moraine  crosses  the  very  northeast  corner  of  Lyon  county. 
The  area  included  within  this  later  drift  is  little  more  than  a 
dozen  square  miles.  The  town  of  Little  Eock  is  situated  just 
within  the  edge  of  the  area,  and  a  ridge  of  morainal  hills  ex- 
tends from  here  northwestward,  swinging  thence  back  to  the 
north  in  a  long  almost  circular  curve  and  passing  out  of  the 
county  near  the  north  center  of  section  8,  Elgin  township. 

Within  the  area  of  this  latest  drift  are  to  be  found  low  hills 
and  knobs,  ojften  composed  wholly  or  in  part  of  gravel,  which 
are  characteristic  of  some  glacial  deposits.  Some  of  these  knobs 
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have  been  opened  and  considerable  amounts  of  gravel  and  sand 
removed.  One  of  the  more  prominent  of  these  is  situated  on  the 
farm  of  William  Anderson  in  southeast  23,  Elgin  township. 
A  small  opening  has  been  made  on  the  top  of  this  hill  and  three 
or  four  feet  of  sand  and  fine  gravel  are  exposed.  These  ma- 
terials are  much  iron-stained,  and  contain  many  pebbles  up  to 
five  and  six  inches  in  diameter,  but  have  been  used  for  con- 
crete. Near  the  center  of  section  26,  Elgin  township,  is  a  kame 
from  which  a  considerable  amount  of  gravel  has  been  removed. 
This  pit  shows  mostly  sand  with  fine  to  medium  gravel  inter- 
mixed and  plenty  of  big  bowlders,  some  of  them  ranging  up  to 
six  or  eight  feet  in  diameter.  It  is  quite  dirty  where  it  can  be 
seen.  About  ten  feet  have  been  opened  to  view. 

A  high  hill,  the  apex  of  which  is  just  at  the  southwest  comer 
of  section  27,  Elgin  township,  supplies  gravel  and  sand  for 
cement  work  in  the  town  of  Little  Rock.  There  are  about  ten 
feet  exposed,  the  amount  decreasing  toward  the  slopes.  This 
is  coarse  gravel,  iron-stained,  and  stands  so  firmly  at  the  open 
face  as  to  require  some  little  force  to  break  it  down. 

There  are  many  morainal  hills  and  knobs  north  and  northeast 
of  Little  Bock  that  will  doubtless  yield  abundant  sand  and  gravel. 
Only  a  few  of  these  have  been  opened,  but  there  is  scarcely 
any  doubt  that  more  of  them  will  prove  as  productive  as  those 
that  are  now  open.  Many  of  these  hills  are  several  acres  in 
extent,  and  it  is  highly  probable  that  an  adequate  supply  of 
road  and  concrete  material  may  be  had  within  short  hauling 
distance  of  any  part  of  Elgin  township. 

What  is  now  believed  to  be  the  terminal  moraine  of  the  South 
Dakota  lobe  of  the  Wisconsin  glacier  just  touches  the  western 
boundary  of  the  county  near  Granite.  What  has  been  said  of 
the  gravel-bearing  hills  and  knobs  in  Elgin  township  is  equally 
true  here.  A  few  exposures  of  gravel  may  be  seen  on  the  hills 
west  and  southwest  of  Granite. 

There  are  a  few  unimportant  exposures  of  upland  gravels 
other  than  those  in  Wisconsin  drift  hills  in  various  scattered 
places.  Of  these.  Professor  L  A.  Williams  says,  **  Outside  of 
the  gravel  trains,  on  the  uplands,  it  is  likewise  not  at  all  rare 
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to  find  accessible  deposits  of  the  older  (Buchanan)  gravels. 
These  always  lie  beneath  the  loess,  which  is  itself  usually  the 
obstacle  in  the  way  of  their  development,  varying  in  thickness 
from  inches  to  great  depths.  Such  deposits,  as  would  be  ex- 
pected, are  found  and  are  most  apt  to  be,  along  the  courses  of 
upland  streams  that  have  cut  their  way  a  greater  or  lesser 
distance  into  the  surface  materials.  Inwood  and  Larchwood 
both  draw  their  supplies  from  beds  of  this  kind  and  position.'* 

Stone. 

The  Sioux  quartzite  appears  in  the  extreme  northwest  corner 
of  the  county.  The  stone  is  highly  indurated,  being  a  true  quartz- 
ite, and  rises  some  thirty  feet  above  the  level  of  Big  Sioux 
river  which  has  cut  a  narrow  gorge  through  it.  The  quartz- 
ite outcrops  cover  a  wedge-shaped  area  in  Iowa  of  about 
twenty  acres,  the  Big  Sioux  serving  as  the  base  of  the  wedge. 
The  beds  dip  west  of  north  at  a  low  angle  and  form  marked 
rapids  where  they  cross  the  river.  The  twenty  acres  mentioned 
have  no  overburden.  About  a  half  mile  to  the  east  the  quartzite 
is  exposed  over  a  very  limited  area  by  a  recent  gully  and  the 
probabilities  are  that  it  is  not  far  from  the  surface  over  a  con- 
siderably larger  area  than  indicated  above.  Extensive  outcrops 
appear  beyond  the  Iowa  boundaries  in  South  Dakota  and  Min- 
nesota. 

The  stone  is  highly  indurated,  hard,  strong,  and  excellently 
adapted  for  road  and  concrete  work.  It  is  equal  or  even  su- 
perior to  granite  for  service  demanding  strength  and  wearing 
capacity.  It  is  admirably  adapted  for  use  in  the  wearing  sur- 
face in  road  and  concrete.  The  amount  easily  available  in  Iowa 
above  the  water  level  in  the  Big  Sioux  exceeds  a  million  cubic 
yards.  It  is  probable  that  the  area  available  is  greater  than 
indicated  and  that  quarrying  can  be  carried  on  much  below 
the  water  level  in  the  river.  In  addition  to  crushed  stone,  stone 
suitable  for  piers,  culverts,  abutments  and  paving  block  can  be 
produced. 
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MADISON  COUNTY. 
Sand  and  Gbavel. 

Grravel  and  even  good  sand  are  rather  scarce  in  Madison 

^J^tinty.  Both  are  found  only  in  the  beds  of  the  streams.  North 

^^^x*  has  some  sand  south  of  Earlham,  but  it  is  rather  too  fine 

^^    dirty  for  good  concrete  work.   Otherwise  this  stream  has 

^  filing  but  mud  and  quicksand.  Middle  river  has  the  only  sand 

A.      '^^ue  and  this  occurs  only  intermittently.    Near  Webster 

^  ^^^  is  quite  a  bit  of  good  coarse,  clean  sand  with  good  gravel 

^j^^^l^ces,  but  both  sand  and  gravel  are  wanting  from  here  east 

^  ^l  Winterset  is  ireached.  Some  sand  is  hauled  from  the  river 

^^^^  the  latter  place,  but  the  quality  is  so  poor  that  most  of  the 

%;aXid  and  gravel  used  is  shipped  in  from  Commerce,  Avon  or 

pes  Moines.    At  Patterson  there  is  a  large  amount  of  clean 

coarse  sand  and  fine  gravel,  but  below  this  place  there  is  neither 

sand  nor  gravel  along  the  river.   South  river,  has  no  sand  nor 

gravel. 

Stone. 


The  Missouri  limestones  underlie  about  two-thirds  of  Madison 
county,  and  belong  entirely  to  the  Bethany  substage.  The  four 
limestone  members  representing  this  substage  are  well  repre- 
sented in  the  county  and  all  may  be  observed  along  Middle  river 
in  Lincoln  township!.  A  composite  section,  produced  by  blending 
the  beds  exposed  along  the  ravine  in  section  22  in  Lincoln  town- 
ship with  the  lower  beds  which  may  be  seen  in  the  locality  of  the 
DeviPs  Backbone,  is  as  follows: 


13.    Glacial  debris  variable  In  character  and  thickness. 

12.    Limestone,  yellow,  earthy;  thinly  bedded,  Fusullna  zone. ...  4 

11.    Shale,  variable  in  color  and  compositloD,  bisected  by  compact 

limestone  and  decidedly  calcareous  above 13 

10.    Limestone,  coarse,  with  shaly  partings 3 

9.    Shale,  dark,  carbonaceous  In  part  and  with  calcareous,  fossll- 

Iferous   bands 8 

8.    Limestone,  blue,  fossiUferous,  with  shaly  partings 3 

7.    Shale,  dark  above;  lighter  and  calcareous  to  marly  below. .  5 

6.    Limestone,  yellowish  above,  shaly  partings  below 17 

5.    Shale,  black  above;  variable,  earthy,  yellowish,  calcareous 

beds  below 7 

4.    Limestone,  with  shale  partings 12 
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3.    Shale,  black  above,  arenaceous  below;  the  two  members  sep- 
arated by  a  thin  band  of  limestone 18 

2.    Limestone,  exhibit^  a  nodular  structure  In  weathering;  f rag- 
mental,  with  shale  parting  near  the  middle 9 

1.    Shale,  exposed 20 

Number  2  in  the  above  section  corresponds  to  the  Fragmental 
phase  of  the  Bethany,  typically  developed  at  Bethany,  Missouri, 
and  forms  the  ledge  over  which  the  water  falls  at  the  Backbone 
mill.  Number  4  represents  the  Earlham,  number  6  the  Winter- 
set,  and  number  12  the  Fusulina  or  DeKalb  phase,  according  to 
Bain  in  his  Decatur  county  report.  All  of  the  members  are  com- 
paratively pure,  the  limestone  being  essentially  non-magnesian 
and  reasonably  free  from  iron  pyrite.  The  associated  shales  are 
usually  more  or  less  calcareous  and  often  carry  considerable  of 
the  iron  sulphides.  The  two  middle  limestone  members  are  the 
ones  most  widely  distributed  in  the  county,  and  are  the  only 
ones  quarried  extensively. 

The  Fragmental  limestone  apparently  occurs  in  heavy  beds  in 
fresh  exposures,  but  where  the  beds  have  been  exposed  some 
time,  they  readily  show  their  fragmental  character,  and  are 
practically  worthless  for  structural  purposes,  though  service- 
able as  crushed  stone. 

The  Missouri  limestones  are  responsible  for  a  prominent  top- 
ographic feature  producing  a  well  marked  escarpment  which 
crosses  the  county  diagonally  in  a  northwest-southeast  direction. 
The  principal  streams  cross  the  escarpment  at  right  angles  and 
the  most  important  outcrops  occur  where  the  streams  debouch 
on  the  Lower  Coal  Measures.  Quarry  opening  has  been  limited 
to  the  streamways  which  have  railway  facilities,  and  three  cen- 
ters are  worthy  of  mention.  These,  named  in  their  order  from 
northwest  to  southeast,  are  as  follows :  Earlham,  Winterset,  and 
Peru.  Unimportant  quarries  have  been  opened  and  operated 
from  time  to  time  at  numerous  other  points  but  at  present  do 
not  merit  individual  mention. 

The  Earlham  beds  have  been  most  extensively  quarried  and 
afford  a  fair  grade  of  stone  suitable  for  dimension  stone,  rubble, 
and  crushed  stone.  Near  Earlham  two  quarry  companies  have 
operated  extensively,  and  are  directly  connected  with  the  mam 
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line  of  the  Bock  Island,  Bailway.  The  first  is  owned  and  oper- 
ated by  the  Earlham  Land  Company  with  offices  in  Des  Moines^ 
and  is  located  about  one  and  one-half  miles  south  of  the  railway 
station  in  Earlham,  along  the  north  branch  of  North  river.  The 
section  exposed  is  as  follows: 

EARLHAM  LAND  COMPANY  QUARRY  SECTION. 

ITEET. 

4.  Loess  and  drift,  of  yarlable  thickness 10-14 

Z,    Limestone,  in  regular  beds,  with  shale  parting  neiir  the  mid- 
dle        9 

2.  Limestone,  less  evenly  bedded  than  the  above,  hard  and  brit- 

tle        6 

1.  Sandstone,  calcareous  and  ^aly,  exposed. 

The  second  is  located  along  the  main  line  of  the  Chicago,  Rock 
Island  and  Pacific  Bailway  two  miles  east  of  the  town  of  Earl- 
ham, on  Bear  creek,  and  is  owned  and  operated  by  the  Iowa 
Portland  Cement  Company  of  Des  Moines.  The  sequence  of 
beds  is  as  follows: 

IOWA  PORTLAND  CEMENT  COMPANY  QUARRY  SECTION. 

FEsrr. 
7.    Loess  and  drift,  variable 2-8 

6.    Limestone,  gray  to  buff,  evenly  bedded 2 

5.  Limestone,  irregularly  bedded,  with  some  cherts 3 

4.    Limestone,  evenly  bedded,  becoming  shaly  near  the  middle. .      4 

3.  Limestone,  shattered,  unevenly  bedded,  cherty 1^ 

2.  Limestone,  rather  evenly  bedded  above,  and  unevenly  bedded 

below.    Hard  and  compact,  but  in  thin  ledges..., 6 

1.    Sandstone,  calcareous  and  shaly,  exposed. 

A  composite  sample  was  selected  from  the  second  quarry 
and  analyzed.   The  result  of  the  analysis  is  given  below : 

Insoluble  7.85 

Iron  oxide  and  alumina 1.00 

Calcium  carbonate 91.15 

Magnesium  carbonate 0.61 

L.  G.  Michael,  Analyst 

The  beds  lie  almost  in  horizontal  position,  and  have  little 
overburden.  Quarrying  is  carried  on  according  to  the  most 
approved  methods  and  the  entire  limestone  product  is  used  by 
the  present  owners  in  the  manufacture  of  Portland  cement. 
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The  quarry  of  the  Earlham  Land  Company  has  been 
worked  only  intermittently  during  the  past  few  years.  The 
amount  of  overburden  is  rather  greater  than  at  the  cement 
quarry.  The  equipment  and  quarry  methods  employed  and  prod- 
ucts put  upon  the  market  are  practically  the  same  at  both 
quarries. 

The  "Winterset  limestone  has  been  most  extensively  developed 
in  the  vicinity  of  Winteraet.  The  stone  used  in  the  Madison 
county  court  house  was  obtained  from  the  local  quarries.  The 
building  was  erected  nearly  forty  years  ago,  bearing  the  date  of 
1876,  and  all  parts  are  in  an  excellent  state  of  preservation  save 
some  of  the  stone  steps,  and  one  or  two  of  the  large  colnmns, 
which  show  signs  of  failure  due  to  selection  of  poor  materiMs. 
One  of  the  porch  columns  has  become  roughened  owing  to  the 
presence  of  "clay  balls"  which  appear  to  be  one  of  the  most 
serious  defects  in  the  stone  but  could  be  avoided  by  careful 
selection.  Several  of  the  steps  have  been  replaced  while  others 
show  signs  of  werkness.  The  failure  in  this  instance  was  due 
to  spalliog  and  opening  of  cracks  along  bedding  planes.  Most 
of  the  materials  used  in  the  court  house  were  obtained  from 
the  quarry  in  the  northwest  quarter  of  section  12  and  the  "Back- 
bone" quarry,  both  in  Lincoln  township. 


Plo.   *6 — Winteraet  qua 


MADISON  COUNTY  441 

A  good  section  showing  the  Winterset  beds  may  be  viewed 
within  the  city  limits  abont  a  half  mile  southeast  of  court  honse 
square.  The  sequence  is  as  follows: 

7.    Drift  and  soil  (thickeoa  greatlr  In  tbe  bluSa) 3 

e.    LlmestODe,  dlBlntegrated,  uneTen  on  tbe  upper  surface  and 

probably  tblckene  toward  tbe  bluffs,  exposed 3 

5.    Limestone,  gray,  beavy-bedded,  somewbat  porous  and  foaall- 

llerous    8 

4.    Limestone,  foBslIlferoua  and  presents  a  concretionary  fades; 

decidedly    arslliaceous 1'/, 

3.  Xilmeatone,  gray  to  bulf,  bard,  brittle  and  fosslliferous;  un- 
evenly bedded,  top  and  bottom  layers  thictceat,  sllgbtly 
concretionary    8 

2.    Limestone,  sbaly,  gray  to  yellow,  blgtaly  fosslliferous 1^ 

1.    Limestone,  buff  to  gray,  aomewbat  unevenly  bedded  and 

sllgbtly  clayey;  massive  in  unweatbered  sectlona,  exposed      4 

The  base  of  the  above  section  is  about  sixteen  feet  above  the 
roadway,  which  follows  the  ravine  down  to  Middle  river,  A 
black  shale  band  appears  in  the  bluff  about  ten  feet  above  num- 
ber 6  in  the  section. 
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Analysis  of  Winterset  limestone  selected  from  City  quarry. 

Inaoluble  12.63 

Iron  and  alumina 1.18 

Calcium  carbonate 84.34 

Masn€8lum  carbonate 2.19 

Moisture   0.02 

Total    100.36 

Similar  limestone  deposits  are  to  be  found  along  the  Chicago 
Great  Western  railway  at  Peru.  According  to  T.  E.  Savage, 
the  beds  exposed  at  this  point  are  as  follows: 


10.    Yellow  colored  loess   5-8 

9.  Drift,  reddish  brown  above  grading  down  to  gray  below;  con- 
taining numerous  bowlders  in  the  lower  portion 9-15 

8.  Gray  or  yellowish  limestoncp  argillaceous,  fine-grained;  in 
three  layers  respectively  15, 18  and  12  inches  in  thickness. 
Much  stained  in  upper  part 4% 

7.    Bluish  colored  shale,  with  a  band  of  limestone  1  to  5  inches  in 

thickness  near  the  middle  portion * 1V« 

6.    Dense,  gray  limestone,  in  layers  16,  24,  6  and  16  inches  in 

thickness  6 

5.    Band  of  gray  shale : 'A 

4.    Layer  of  gray  limestone,  crinoidal  in  lower  portion 2% 

3.    Ledge  of  gray  limestone  similar  to  number  4  above,  in  two 

layers  respectively  12  and  30  inches  in  thickness 3*^^ 

2.    Band  of  grayish  blue  shale 1V« 

1.    Talus  slope  with  occasional  outcrops  of  limestone,  to  level  of 

flood   plain 20 

The  principal  product  of  the  quarry  at  the  present  time  is 
crushed  stone,  which  is  used  extensively  in  and  about  Des 
Moines. 

According  to  Mr.  Savage  the  bluff  continues  a  distance  of  one- 
half  mile  along  Clanton  creek.  A  composite  sample  was  selected 
from  the  limestone  members  of  the  above  section  and  analyzed, 
and  the  results  of  the  analysis  are  given  below : 

Silica 17.16 

Iron  oxide  and  alumina 2.64 

Calcium  carbonate 72.76 

Magnesium  carbonate 2. 86 

Sulphur    trioxide 0.95 

Moisture    ' 0.30 

Combined  water  3 .12 

Analysed  by  L.  G.  Michael. 

The  Earlham  and  Winterset  limestones  are  of  good  quality 
and  satisfactory  for  crushed  stone  products. 
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MAHASKA  COUNTY. 
9Ain>  Ain>  Gbateu 

Des  Moines  river  affords  an  abundant  supply  of  sand  and 
gravel  of  excellent  quality,  sufficient  to  supply  the  entire  county. 
At  the  present  time  this  storehouse  of  road  and  concrete  ma- 
tarials  is  being  extensively  exported  from  but  a  single  point, 
Eddyville. 

The  Eddyville  Sand  Company  is  operating  a  plant  located 
on  a  spur  of  the  Minneapolis  and  Saint  Louis  railroad  in  Eddy- 
ville. The  plant  is  equipped  with  a  barge  upon  which  an  engine 
and  sand  pump  are  located,  sand  barges,  a  shell  conveyor  and 
overhead  tram  to  transport  the  sand  from  barge  to  car  and  a 
power  plant  located  on  the  shore  to  operate  the  shell  and  tram 
and  move  the  cars  on  the  railway  as  needed.  The  pump  on  the 
barge  is  an  eight  inch  centrifugal  with  pipe  line  to  match.  The 
sand  and  gravel  are  not  s6reened  when  loaded  on  the  barge. 
Driftwood  and  float  material,  present  in  almost  insignificant 
amounts,  are  removed  by  hand  picking.  The  clam  shell  holds 
about  one-half  cubic  yard.  The  barges  have  a  capacity  of  sixty 
to  eighty-five  cubic  yards.  The  output  is  shipped  north  and  east 
to  a  distance  of  fifty  miles. 

None  of  the  other  streams  in  the  county  are  of  importance  as 
sources  of  sand  and  gravel  and  none  are  producers  worthy  of 
mention,  although  small  quantities  are  obtained  at  several  points 
from  stream  channels  and  used  locally.  The  interglacial  gravels 
are  not  available. 

Stonx. 

All  of  the  more  important  streams  crossing  the  county  have 
cut  through  the  drift  and  overlying  Coal  Measures  to  the  sub- 
jacent limestone,  at  least  throughout  the  greater  portion  of  their 
courses.  The  beds  represented  are  believed  to  be  equivalent  to 
the  upper  beds  in  Marion  county,  which  are  generally  known  as 
the  Pella  beds.  Small  quarries  have  been  opened  from  time  to 
time  at  a  number  of  points,  mainly  along  the  two  branches  of 
the  Skunk  river.  Perhaps  the  most  important  quarry  section 
may  be  viewed  in  the  Mayer  quarry  about  two  miles  north  of 
New  Sharon  near  the  North  Skunk.  The  section  is  as  follows : 
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9.  Drift  and  Coal  Measures  of  Indefinite  thickness. 

8.  Limestone    6 

7.  Limestone    5 

6.  Limestone    5 

5.  Limestone 14 

4.  Limestone    20 

3.  Limestone    8 

2.  Clay-shale    6 

1.  Limestone,  exposed. 

The  stone  exposed  is  fine-grained,  compact,  ash-colored  to 
gray  limestone,  brittle  and  breaking  with  a  conchoidal  to  uneven 
fracture.  The  above  divisions  represent  ledges  which  are  sepa- 
rated by  clay  partings.  Less  important  exposures  occur  at  Union 
mill  and  McBride  mill  on  the  North  Skunk ;  near  Peoria  and  near 
the  Oskaloosa  water  works  on  the  South  Skunk;  in  the  vicinity  of 
Bellefontaine  on  Des  Moines  river  and  along  Muchakinock 
creek.  The  same  thin-bedded,  compact,  brittle  limestone  char- 
acterizes all  of  the  leading  quarry  exposures  and  affords  ex- 
cellent material  for  road  and  concrete  work. 

MARION  COUNTY. 
Saxd  and  Gbavel. 

The  sand  and  gravel  supplies  of  Marion  county  are  limited 
to  the  flats  of  Des  Moines  river,  and  to  beds  and  bars  in  the 
channel  of  the  same  stream.  Sand  bars  are  of  frequent  occur- 
rence all  along  its  course,  and  are  utilized  as  sources  of  local 
supply  in  numerous  places. 

J.  A.  Wilson  is  shippiing  sand  and  gravel  obtained  from  the 
Des  Moines  river  flats.  The  present  pit  is  located  on  the  Oska- 
loosa branch  of  the  Chicago,  Burlington  and  Quincy  Eailroad, 
and  is  on  leased  ground.  A  clam  dipper  and  steam  plant  is  in- 
stalled, which  has  a  capacity  of  from  five  to  ten  cars  per  day. 
The  dipper  holds  one  cubic  yard.  The  pit  section  is  as  follows : 


4.  Alluvial  material 1-3 

3.  Sand  with  gravel  seams,  cross-bedded 15-20 

2.  Sand  and  gravel  much  coarser  than  above 15-20 

1.  All  resting  on  shaly  limestone. 


k 
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Numbers  3  and  4  are  above  water  level  in  the  pit,  which  cor- 
responds to  the  water  level  in  the  river.  Occasional  tree  trunks 
and  hard  ledges  are  encountered  in  the  lower  gravels.  Some 
coarse  material  is  obtained  from  an  extensive  gravel  bar  just 
below  the  Chicago,  Burlington  and  Quincy  railway  bridge.  Im- 
mense quantities  of  sand  and  gravel  are  obtainable  from  the 
river  bars  and  river  flood  plain  in  this  vicinity. 

Stone. 

The  Saint  Louis  limestone  appears  only  in  the  eastern  half  of 
the  county  and  there  only  along  South  Skunk  and  Des  Moines 
rivers  and  their  immediate  tributaries.  Only  the  two  upper  sub- 
stages  are  exposed,  the  Verdi  beds  overlain  by  the  Pella  beds. 
The  former  beds  are  not  persistent  and  comprise  a  rather  com- 
pUcated  series  of  sandstones,  cherty  limestones,  clays  and  shales. 
The  upper  beds  are  prevailingly  limestones,  fairly  low  in  mag- 
nesia and  other  impurities.  While  both  formations  have  been 
exploited  to  some  extent,  quarrying  operations  have  been  con- 
fined largely  to  the  upper  beds. 

One  of  the  most  extensive  sections  exposed  in  the  county  oc- 
curs about  two  miles  southwest  of  Tracy,  on  the  southeast  quar- 
ter of  section  35  in  Clay  township.  The  sequence  is  as  follows : 

TRACY   SECTION. 

FEET. 

7.    Loess  and  drift  of  indefinite  thickness 2-10 

6.    Sandstone,  argillaceous,  much  weathered  and  iron-stained. .       6 
5.    Shale,  arenaceous,  variable  in  color  and  state  of  induration.       4 

4.    Limestone,  argillaceous  to  arenaceous,  weathers  decidedly 

shaly    4 

3.    Limestone,  similar  to  1,  but  harder;  in  a  single  heavy  ledge      2 

2.    Limestone,  argillaceous,  but  hard  and  brittle,  splits  into  thin 

layers  on  exposure;  highly  fossiliferous  above  and  below.       4 

1.    Limestone,  gray-blue,  in  heavy  beds,  finely  brecciated,  fossil- 
iferous and  slightly  crystalline;  in  three  ledges 4 

Numbers  1  to  4  inclusive  are  referred  to  the  Pella  beds. 
Numbers  1  to  3  are  the  principal  ledges  quarried  and  appear  to 
be  well  adapted  for  dimension  stone,  rubble  and  possibly  bridge 
stone.  Number  2  yields  a  fair  flagstone.  The  individual  ledges 
in  numbers  1  to  3  are  uniform  in  thickness  and  appear  to  be 
persistent.  The  layers  are  fine-grained,  oftentimes  bluish  when 
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first  exposed,  but  turn  white  when  long  exposed  to  the  weather. 
Number  6  appears  to  be  quite  compact  when  fresh,  and  large 
blocks  may  be  removed.  When  exposed  to  the  atmosphere,  the 
blocks  disintegrate  rapidly  to  a  drab  product  resembling  clay. 
It  is  highly  fossiliferous  throughout. 

A  switch  of  the  Chicago,  Burlington  and  Quincy  Railroad  has 
been  laid  into  the  quarries.  These  have  been  opened  up  on  the 
north  bank  of  Cedar  creek  for  a  distance  of  more  than  half  a 
mile. 

In  the  vicinity  of  the  town  of  Harvey  the  limestones  belonging 
to  the  Pella  beds  of  the  Saint  Louis  and  the  Lower  Coal  Measure 
strata  are  exposed  at  many  points  in  the  valley  of  English  creek 
and  along  the  west  border  of  the  Des  Moines  valley.  They  ap- 
pear also  in  the  hillsides  along  the  ravines  and  small  streams 
in  sections  10  to  15,  Clay  township.  All  of  the  exposures  of  the 
Pella  limestones  observed  in  this  vicinity  are  covered  with  a 
greater  or  less  thickness  of  the  Des  Moines  shales  and  glacial 
drift.  As  a  rule  the  amount  of  these  materials  is  so  great  as  to 
prohibit  the  quarrying  of  the  limestone. 

Good  exposures  of  the  Verdi  beds  may  be  viewed  along  Skunk 
river  in  Lake  township,  especially  in  sections  23,  24  and  26. 
A  composite  section  for  the  district  shows  the  following  beds : 


6.  Loess  and  drift,  of  variable  thickness. 

5.    Sandstone,  hvJl,  cross-bedded,  lower  part  very  soft 5 

4.    Limestone,  massive,  cherty,  breaks  Irregularly 4 

3.    Sandstone,  gray,  soft  to  quartzltic  In  places 3 

2.    Limestone,  cherty 2 

1.  Sandstone,  massive,  yellow,  with  interbedded  arenaceo- 
calcareous  bands  one-half  inch  to  four  Inches  In  thick- 
ness. These  bands  are  very  hard,  compact,  fine-grained, 
and  are  more  resistant  to  weathering  than  the  sandstone, 
so  that  layers  stand  out  on  weathered  surfaces.  Occa- 
sional irregular  fragments  of  this  limestone,  1  to  2  Inches 
in  diameter,  are  found  in  the  sandstone;  exposed 20 

Number  4  is  quarried  to  some  extent,  the  product  being  used 
for  rough  masonry.  The  heavy  overburden  and  the  difficulty  of 
producing  regular  blocks  preclude  any  possibility  of  its  extensive 
use  as  a  coursing  stone. 

The  Pella  beds  have  been  quite  extensively  developed  at  Dur- 
ham and  between  Durham  and  Flagler;  southwest  of  Pella  on 
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the  Pella-Knosville  road,  and  north  of  Tracy.  The  quarry 
opened  between  Durham  and  Flagler,  between  the  Chicago,  Rock 
Island  and  Pacific  aad  Chicago,  Burlington  and  Quincy  rail- 
ways, shows  the  following  sequence  of  beds ; 

5.    LoesB  and  drift 3 

t.    Limestone,   thinly   bedded 6 

3.    Limestone,  In  well  defined  ledges,  yarylng  from  6  to  20 

inches  in  thickness    6^ 

2.    Limestone,  soft,  granular,  of  little  value  for  structural  pur^ 

poses    l'/« 

1.    Limestone,  very  hard,  breaks  irregularly 3 

A  twenty  inch  ledge  near  the  middle  of  number  3  is  the  princi- 
pal layer  in  the  quarry.  It  is  coarse-grained,  dark  colored,  but 
weathers  white.  The  vertical  joint  planes  are  a  sufficient  dis- 
tance apart  to  permit  the  removal  of  blocks  of  large  size.  Much 
of  the  product  from  this  quarry  and  the  old  quarry  northeast  of 


.   48 — Bxpoaure  at  Saint  LouIb  II  me  atone. 


-  Harvey,   showing;   Pella,  bada. 
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Durham  has  been  shipped  to  points  along  the  Chicago,  Rock 
Island  and  Pacific  Railroad  as  far  east  as  Washington,  Iowa. 
Most  of  the  stone  used  for  structural  purposes  and  flagging  in 
Pella  has  been  obtained  from  two  quarries  located  about  one  and 
one-half  miles  southwest  of  the  town  on  the  Pella -Kjioxville 
road.  The  beds  exposed  are  very  similar  to  those  which  are 
shown  in  the  preceding  section,  save  that  an  extensive  deposit  of 
marl  similar  to  that  which  occurs  in  the  Tracy  quarries  over- 
lies the  limestone. 

The  Durham-Flagler  section  is  almost  exactly  duplicated  in  a 
quarry  opened  on  the  southeast  quarter  of  section  13,  in  Clay 
township,  about  three  miles  southeast  of  Harvey.  The  beds  ex- 
posed here  are  as  follows: 

FEET. 

5.    Loess  and  drift,  of  variable  thickness. 

4.    Limestone,  thinly  bedded,  greatly  fractured 5 

3.    Limestone,  ioi  ledges  varying  from  4  to  20  Inches  in  thick- 
ness      5 

2.    Shale,  black  above  and  gray  below,  soft IVi 

1.    Limestone,  thinly  bedded,  crystalline 1 

Here  as  before  a  twenty  inch  lodge  just  below  the  middle  of 
number  3  is  the  principal  ledge  in  the  quarry.  It  is  granular 
in  texture,  with  vertical  joint  planes  from  four  to  ten  feet  apart. 

While  the  beds  which  comprise  the  Pella  substage  are  per- 
sistent and  uniform  in  texture,  arid  of  convenient  and  suflScient 
thickness  for  building  and  other  structural  purposes,  they  will 
probably  never  be  extensively  developed  on  account  of  the  small 
aggregate  thickness  of  the  beds  which  are  usable  as  compared 
with  the  amount  of  overburden  and  worthless  layers  which  must 
be  handled.  Some  of  the  upper  beds  will  not  stand  alternate 
freezing  and  thawing,  and  should  not  be  used  in  permanent 
structures.  The  principal  ledges,  however,  appear  to  withstand 
weathering  indefinitely  as  indicated  by  their  fresh  appearance, 
both  in  natural  quarry  sections  and  in  walls  which  have  been  ex- 
posed to  the  elements  for  more  than  twenty  years.  (See  plate 
iXXVin,  a,  page  391.) 

The  following  tests  were  made  by  Professors  Marston  and 
Weems  on  specimens  secured  from  the  Tracy  quarry: 
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CRUSHING  TEST. 


Stone 

Height 

in 
Inches 

Cross  Sec-  ' 
tion 
Square 
Inches 

Breaking  Stress— Pounds 
Per  Square  Inch 

Spalling          Failure 

No.  31,  Saint  Louis  Limestone 

No.  32,  Saint  Louis  Limestone 

L95 
2.00 

4.12 
4.20 

7,300 
5,200 

9,500 
9,900 

ABSORPTION  TEST. 


Stone 

Per  Cent  of  Increase 

24  Hours              Week                Total 

No.  31,   Saint  Louis  Limestone 2.28   |             0.99    I               3.27 

CHEMICAL   COMPOSITION. 

Calcium  carbonate   (CaCOj) 94.60 

Magnesium  carbonate  (MgCOs) , 3.17 

Alumina  (AlA)    0.49 

Iron  oxides   (FeO+FeA) 0.17 

Insoluble    1.57 

Extensive  beds  of  sandstone  occur  in  the  Coal  Measures  of 
Marion  county.  The  most  important  deposits  are  found  in  the 
vicinity  of  Bed  Rock  along  Des  Moines  river.  One-half  mile 
northwest  of  the  town  a  large  quarry  has  been  opened,  the  main 
face  of  which  is  thirty  to  forty  rods  in  length.  There  is  a  maxi- 
mum thickness  of  100  feet  of  beds  here  exposed.  The  ^tone  was 
channeled,  by  which  method  of  quarrying  blocks  of  almost  any 
desired  dimensions  were  obtainable.  The  sandstone  separates  in 
ledges  five  to  six  feet  in  thickness.  Quarrying  operations  were 
fonnerly  carried  on  here  on  an  extensive  scale.  A  switch  was 
connected  with  the  Wabash  at  Cordova  and  the  product  was 
shipped  to  points  along  this  line  from  Des  Moines  to  St.  Louis. 
The  quarries  have  been  worked  only  intermittently  during  the 
past  fifteen  years  and  are  now  practically  abandoned. 

The  sandstone  appears  to  form  an  elongated  lens  about  ten 
miles  in  length  and  three  miles  wide.  The  longer  diameter  of 
the  lens  extends  in  a  northeast-southwest  direction.  From  the 
maximum  thickness  of  over  100  feet  attained  by  the  beds,  they 
thin  rapidly.  The  higher  portions  of  the  sandstone  ridge  have  a 
light  overburden  of  loess,  but  this  attains  considerable  thickness 
on  either  flank.  The  rock  is  massive  and  the  heavy  beds  are 
practically  free  from  joint  planes.  The  sandstone  is  imperfectly 
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indurated,  varying  in  hardness  from  exceedingly  friable  to  al- 
most quartzitic.  The  color  is  also  variable,  ranging  from  almost 
white  or  pale  yellow  to  deep  shades  of  red  and  brown.  In  some 
of  the  beds  the  coloring  matter  is  irregularly  distributed,  pro- 
ducing a  blotchy  or  mottled  effect.  The  prevailing  cements  are 
the  oxides  of  iron  and  silica,  although  the  tipper  beds  are  some- 
what calcareous.  While  predominantly  soft,  the  Red  Bock  stone 
resists  weathering  well  and  may  be  rated  as  fairly  durable.  It 
is  not  suitable  for  crushed  stone  products. 

MARSHALL  COUNTY. 
Sjlnd  and  Gravel.* 

Sand  and  gravel  deposits  in  Marshall  county  are  confined  to 
Iowa  river,  Minerva  ci*eek  and  some  of  the  small  tributaries 
of  the  latter  which  issue  from  the  Wisconsin  drift.  Stream 
terraces  are  so  poorly  developed  within  the  county  as  to  be  un- 
important, the  large  part  of  the  gravels  occurring  as  beds  and 
bars  in  the  stream  channels. 

Excavations  of  various  sorts  show  the  presence  of  large  quan- 
tities of  sand  and  gravel  in  the  Iowa  river  bottoms.  Twenty  to 
thirty  feet  of  these  materials  are  known  to  exist  in  some  places, 
under  an  overburden  of  silt  and  fine  sand  ranging  from  zero  to 
five  or  six  feet  in  depth.  Between  Marshalltown  and  Albion  the 
sand  flats  along  the  river  furnish  an  inexhaustible  supply  of 
good  building  sand. 

At  and  near  demons  the  Wisconsin  valley  train  gravels  of 
South  Minerva  creek  have  been  extensively  developed  both  as 
railway  ballast  and  for  structural  purposes. 

Both  the  Aftonian  and  Buchanan  gravels  are  represented  in 
Marshall  county,  but  to  hardly  such  an  extent  as  would  warrant 
consideration  from  an  economic  standpoint.  At  Albion  ten  feet 
of  stratified  sand  and  gravel  referable  to  the  former  stage  may 
be  observed.  Gravels  which  doubtless  are  of  the  Buchanan  age 
are  typically  developed  at  Albion.  The  gravels  near  Gifford 
probably  belong  to  the  Wisconsin  gravel  train.  At  Marshalltown 
there  are  five  to  ten  feet  of  siliceous  material  at  the  base  of 
the  loess.  These  sub-loessial  gravels  are  widely  distributed  over 
the  county  and  often  attain  a  considerable  thickness. 
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Stons. 

* 

The  Kinderhook  immediately  underlies  the  drift  over  the 
northeast  one-third  of  Marshall  county,  and  extensive  outcrops 
may  be  viewed  along  the  Iowa  river  in  the  vicinity  of  Quarry 
and  LeGrand,  along  Nicholson  creek  at  Eockton,  and  on  Timber 
creek,  about  two  and  one-half  miles  southwest  of  Quarry.  All  of 
the  leading  exposures  are  near  the  trunk  lines  of  railway  which 
cross  the  county,  and  all  are  connected  by  switches  extended 
from  these  lines. 

In  the  southeastern  portion  of  the  state,  there  are  extensive 
outcrops  of  the  Kinderhook,  notably  at  Burlington,  which  con- 
sist of  shale,  fine-grained  sandstone,  and  subcrystalline  lime- 
stones, of  which  the  first  and  last  members  are  the  most  im- 
portant. In  Marshall  county,  the  calcareous  beds  greatly  pre- 
dominate. Five  fairly  well  defined  divisions  can  be  recognized 
readily,  the  lowest  member  of  which  is  a  shale  which  resembles 
the  shale  member  in  the  pit  of  the  Granite  Brick  Company,  at 
Burlington.  This  is  overlain  by  a  fine-grained,  blue  to  gray  cal- 
careous sandstone  which  is  in  turn  followed  by  beds  of  oolite. 
Above  the  oolite,  cherty  magnesian  limestones  are  present  in 
considerable  thickness,  and  completing  the  section  are  the  brown 
to  gray  subcrystalline  limestones. 

The  Kinderhook  shales  are  not  exposed  in  Marshall  county, 
but  are  present  in  well  sections  which  penetrate  the  indurated 
rocks.  The  basal  member  exjwsed  is  the  fine-grained  sandstone 
which  appears  only  in  the  eastern  portion  of  the  county.  The 
leading  quarries  develop  the  oolite  and  the  magnesian  limestone, 
although  all  of  the  members  above  the  shale  have  been  exploited 
to  some  extent.  The  most  extensive  section  in  the  county  is  ex- 
posed north  of  LeGrand,  near  Iowa  river.  The  following  se- 
quence of  beds  may  be  observed  at  this  point: 

FEIET. 

18.    Loess,  interstratified  sands  and  silts  below 16 

17.    Bowlder  clay  oxidized  a  deep  brown  and  containing  bowl- 
ders much  decayed 5-10 

16.  Limestone,  subcrystalline,  pebbly 3 

15.  0511te,  fine-grained,  with  many  brecciated  grains   4 

14.  Limestone,  gray,  slightly  odlitic   2% 

13f.  Limestone,  gray  above  and  yellow  below 2 
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FEET. 


12.    Limestone,  buff,  magneslan,  rather  heavily  bedded,  bUccted 

by^chert  band  about  four  feet  from  the  base 9 

11.    Limestone,  mixed  gray,  blue  and  buff,  breaks  very  irregu- 
'  larly  (''Brlndle"  of  the  quarrymen)  really  an  intraforma- 
tional  conglomerate    -     3^ 

10.    Chert \... ' 1/3 

9.    Limestone,  soft,  yellow,  arenaceous;  in  thin  layers;  earthy 

in  places 2V2 

8.    Chert     y^ 

7.  Limestone,  blue,  variegated  to  yellow-brown 6 

6.  •  Chert U 

5.  Fossil  breccia  with  lenses  of  crystalline  calcite '     1 

4.  Limestone,  buff,  magnesian,  fine  evein  texture  and  massive; 

cherty  concretions  scattered  promiscuously  throughout. 
One  quite  persistent  band  of  chert  about  four  feet  from 
the  base 12 

3.  Limestone,  blue,  variegated  to  brown,  hard,  concholdal  frac- 

ture, in  heavy  layers 3% 

2.  Oolite,  in  layers  14,  12,  8,  9,  6,  36,  26,  24  and  42  inches  In 

thickness 15 

1.     Sandstone,  fine-grained,  blue,  calcifercus,  in  part  shaly,  ex- 

ppsed    10 

The  beds  dip  gradually  to  the  southwest,  and  as  the  ground 
rises  in  that  direction,  are  soon  carried  below  the  surface  of  the 
river.  Near  Indian  Town  in  Tama  county,  the  base  of  the  oolite 
lies  more  than  twenty  feet  above  the  water  level.  At  the  north- 
east quarry  above  LeGrand,  it  is  about  ten  feet  above  the  water 
level,  while  in  the  west  quarries,  both  the  oolite  and  the  sand- 
stone lie  below  the  bed  of  the  river.  At  the  west  quarry,  the 
upper  members  in  the  above  section  are  better  developed.  Num- 
ber 16  shows  a  thickness  of  about  twelve  feet.  At  Bockton  only 
numbers  14,  15  and  16  are  exposed,  and  the  beds  are  more  shat- 
tered and  weathered  than  their  equivalents  in  the  LeGrand  quar- 
ries. The  section  exposed  near  the  Minneapolis  and  St.  Louis 
railway  is  second  only  in  importance  to  the  Quarry  and  Le- 
Grand sections.   The  beds  exposed  are  as  follows: 

FEET. 

8.  Loess,  sandy  -below 10 

7.  Bowlder  clay  (Kansan) 6 

6.  Limestone,  brown,  subcrystalline,  thinly  bedded,  and  rubbly 

above,  heavier  below   8 

5.  Limestone,  yellow,  brittle,  with  occasional  small  caverns 

decorated  with  concretionary  calcite 1% 

4.  Limestone,  blue,  hard,  brittle 2 

3.  Oolite  in  three  layers,  8,  22  and  6  Inches  respectively 3 


V         :  :    \MARS»ALL  COUNTY  .  <55 

•      .^   ^    .     FEET. 

2.    Limestoae,  gray-brown,  with  layers  of  blue,  subcrystaliUie 

llmeBtcme  interbedded « . . .  i 6 

1,    Limestone,  gray-blue,  close-textured,  «oft  when  first  eziMsed, ' 
weathered   portion,  yellow;    layers  vary   from  6   to   18 
inches,  very  evenly  bedded,  magnesian 12 

The  oolite  in  th.e  Timber  creek  section  is  undoubtedly  the 
equivalent  of  the  oolite  exposed  at  Rockton,  and  the  upper  oolite 
of  the  LeGrand  section.  Numbers  1  to  6  in  the  Timber  creek 
section  find  their  counterparts  in  12  to  16  in  the  LeGrand  section, 
with  the  possible  exception  of  Number  5,  which  was  not  certainly 
recognized  farther  north  and  east. 

The  differences  in  physical  properties  and  coloration  arc 
largely  if  not  wholly  due  to  differences  in  the  weathering.  The 
Timber  creek  beds  are  in  large  part  below  the  water  level,  and 
the  prevailing  colors  of  the  beds  developed  are  shades  of  blue 
and  gray,  while  the  tones  of  yellow  and  buff  which  prevail  in  the 
east  quarries  at  LeGrand  are  believed  to  have  been  brought 
about  through  the  action  of  weathering  agencies.  The  hardness 
of  the  Timber  creek  Stone  increases  materially  on  exposure. 

Kinderhook  beds  are  also  exposed  northwest  of  Liscomb,  near 
the  center  of  section  2. 

Quarry  Industry. 

The  Kinderhook  beds  have  been  exploited  mainly  in  the  vicin- 
ities of  Quarry  and  LeGrand,  and  Timber  creek.  Quarries  were 
operated  formerly  at  Rockton,  but  have  been  abandoned  for 
some  years.  Stone  has  also  been  taken  out  along  the  river,  near 
Liscomb,  for  local  use  only. 

L.E   GRAND   QUARRY   COMPANY. 

The  pioneer  in  the  quarry  industry,  as  well  as  the  largest  com- 
pany operating  in  the  county  at  the  present  time,  is  the  LeGrand 
Quarry  Company,  with  its  central  oflBce  in  Marshalltown.  The 
company  owns  and  operates  quarries  at  Quarry  and  Timber 
creek. 
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Quarry. — ^Three  quarries  are  connected  with  the  Chicago  and 
North  Western  railroad,  by  branch  lines  at  this  point.  Active 
operations  were  begun  as  early  as  1860,  when  a  limited  quan- 
tity of  building  stone  and  lime  was  produced.  Two  years  later 
the  railway  tracks  were  extended  into  the  quarries,  and  the 
company  has  operated  continuously  ever  since. 

At  present  only  the  southeast  quarry  is  being  operated. 

The  quarries  are  now  under  lease  by  the  Chicago  and  North 
Western  Railway  Company  and  are  being  operated  by  Dolese 
Brothers  of  Chicago.    Crushed  stone  is  the  only  product. 

The  plant  is  fully  equipped  throughout  with  the  most  ap- 
proved machinery  for  producing  crushed  stone  economically. 
Hand  labor  is  reduced  to  a  minimum.  The  quarry  rock  is  first 
shattered  by  blasting,  then  loaded  by  steam  shovel  into  dump 
cars  which  are  conveyed  to  foot  of  crusher  incline  by  dummy 
engines,  hoisted  by  cable  and  dumped  directly  into  a  number 
11  Gates  Gyratory  crusher.  The  product  from  the  large  crusher 
passes  into  a  trommel  screen,  the  oversize  being  conveyed  to 
two  auxiliary  crushers.  The  entire  product  is  elevated  to  the 
top  of  the  building,  sized  and  distributed  to  the  appropriate 
storage  bins.  This  is  the  most  complete  crusher  plant  in  the 
state. 

Timber  Creek, — The  LeGrand  Quarry  Company  has  also  de- 
veloped an  extensive  quarry  in  Timber  creek.  A  side  track  is 
laid  in  from  the  Minneapolis  and  Saint  Louis  railway  and  the 
plant  is  well  equipped  with  modem  machinery.  The  beds  worked 
are  the  same  as  those  at  Quarry,  from  the  magnesian  lime- 
stone upwards.  As  has  been  mentioned,  the  magnesian  limestone 
here  differs  in  color  from  its  homologue  at  Quarry  and  Le- 
Grand. At  the  latter  places  shades  of  buff  prevail,  while  at 
the  Timber  creek  quarries  the  chief  beds  are  a  gray-blue  with 
occasional  layers  in  part  light  yellow.  The  fact  is  emphasized 
that  the  predominating  color  in  the  unaltered  LeGrand  beds 
is  a  gray-blue,  which  is  changed  to  tones  of  buff  and  yellow 
through  weathering  agencies.  Here  as  in  other  places,  the  mag- 
nesian layers  succumb  less  readily  to  disintegrating  forces  than 
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the  associated  beds,  and  as  a  consequence  stand  out  prominently 
in  natural  quarry  faces. 

The  Tipper  oolite  and  brown  subcrystalline  limestone  are  of 
more  importance  here  than  at  the  exposures  along  Iowa  river. 

The  Coal  Measures  in  Marshall  county  consist  chiefly  of  shales 
with  occasional  beds  of  sandstone.  A  heavy  bed  of  sandstone 
appears  in  Timber  Creek  township,  and  has  been  developed  to  a 
limited  extent.  Quarries  have  been  opened  on  sections  8  and  9, 
and  stone  suitable  for  the  rougher  grades  of  masonry  has  been 
produced.  The  sandstone  is  reddish  brown  in  color,  and  appar- 
ently durable.  It  exhibits  a  conglomerate  facies  in  part.  Well 
polished  grains  of  sand  and  gravel  are  laid  in  a  matrix  of  ferric 
oxide.  Some  of  the  iron  oxide  is  found  in  the  form  of  small 
nodules  which  frequently  are  hollow  .and  possess  the  concentric 
structure  peculiar  to  concretions.  The  impressions  of  trunks 
and  branches  of  trees  which  have  retained  their  woody  texture 
in  a  remarkable  degree,  although  their  original  organic  sub- 
stance has  been  entirely  replaced  by  mineral  matter,  occur 
throughout  the  beds.  In  some  instances,  a  pulverulent  ash  sur- 
rounded by  a  highly  ferruginous  shield  is  all  that  remains.  One 
case  exhibited  a  central  core  of  very  hard  material,  almost 
quartzitic,  around  which  was  a  zone  of  wood  fibre,  and  sur- 
rounding all,  a  concentric,  ferruginous  shield.  All  of  the  stems 
are  in  a  recumbent  position. 

At  the  present  time  only  the  upper  layers  have  been  exploited. 
The  lower  beds  are  more  regular  and  afford  a  stone  suitable  for 
building  and  trimming. 

The  sandstone  here  as  elsewhere  in  the  Coal  Measures  is  not 
suitable  for  crushed  stone  products. 

MILLS  COUNTY. 
Sand  and  Gravel. 

There  are  only  a  few  places  in  Mills  county  where  gravel  has 
been  found,  and  these  are  along  the  Missouri  river  bluffs.  Out- 
crops may  be  seen  in  section  4  of  Oak  township  and  section  10 
of  Lyons  township.  Extensive  operation  of  these  pits  is  not 
feasible  on  account  of  the  rapidity  with  which  the  loess  cover 
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deepens  back  into  thfe  bluff.  Local  supplies  for  small  work  only- 
are  taken  from  these  pits,  the  materials  used  for  work  of  much 
importance  being  shipped  from  Platte  river  in  Nebraska. 

The  town  of  Farragut  obtains  small  amounts  of  sand  for  local 
consumption  from  the  east  fork  of  Nishnabotna  river. 

Stone. 

The  constitution  of  the  Missouri  in  Mills  county  is  almost  an 
exact  duplicate  of  the  stage  in  Fremont  county  to  the  south. 
The  shale  members  greatly  predominate,  and  as  before,  the  ex- 
posures of  the  indurated  beds  are  limited  almost  wholly  to  the 
bluffs  facing  Missouri  river.  A  few  exposures  are  found  else- 
where, especially  along  Nishnabotna  river  and  its  immediate 
tributaries.  While  the  limestone  ledges  appear  at  a  consider- 
able number  of  points,  quarrying  operations  have  been  carried 
on  at  a  very  few,  and  the  probabilities  are  that  the  industry 
will  never  attain  any  importance  in  the  county.  The  leading 
sections  are  given  below. 

Section  in  the  bluffs  in  the  southeast  quarter  of  section  16, 
Lyons  township : 

FEET. 

13.     Loess  and  drift  of  Indefinite  thickness,  which  reach  great 

depth  immediately  back  from  quarry  face,  average 18 

12.    Limestone,  oblltlc  above  and  compact  below 3 

11.     Shale,  gray,  with  two  calcareous  stone  layers  about  3%  and 

4^  feet  from  the  upper  surface,  fossiliferous  throughout      6^ 

10.    Limestone    1 

9.     Shale,  gray,  calcareous  and  fossiliferous 1 

8.    Limestone  with  a  band  of  chert 1% 

7.     Shale,  gray  and  black,  slightly  calcareous,  with  occasional 

streaks  or  pockets  of  coal 1% 

6.  Limestone,  compact,  white,  breaking  preferably  along  verti- 
cal planes  *. 1 

5.     Shale,  varying  from  slightly  to  highly  calcareous 2 

4.  Limestone,  gray,  fragmental,  some  of  the  fragrments  clean 
and  some  covered  with  oolitic  crust,  all  Imbedded  in  a 
fine-grained  matrix   3  VG 

3.    Limestone,  shaly,  grading  Into  4 1 

2.  Limestone,  yellowish  gray,  in  heavy  ledges,  showing  a  tend- 
ency to  wedge  out,  shale  partings  present 4 

1.     Shale,   bluish   gray   to   black,   and   talus 8 

.    The  above  is  the  most  important  section  in  the  county,  and 
continues  along  the  bluff  for  about  half  a  mile.     Extensive 
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quarrying  was  carried  on  formerly,  but  the  industry  has  been 
practically  abandoned.  Number  2  appears  to  have  furnished  the 
most  important  quarry  stone.  A  small  quantity  of  stone  is  now 
burned  for  lime  at  this  place. 

Section  formerly  exposed  in  the  quarry  near  the  Missouri 
river  bluflFs,  at  Mills  station: 

FEET. 

6.  Loess  and  drift  of  variable  thickness 50-60 

5.    Disintegrated  limestone  containing  Fuaulina  cyHndrica % 

4.  Yellow  shale  or  disintegrated  limestone  containing  FusuHna 

cylindrica   2% 

?.    Limestone,  decayed  and  yellow  above,  gray  and  sound  below, 

containing  numerous  nodules  of  fossUlferous  chert 3 

2.  Concealed,  probably  shale  2 

1.  Bluish,  dark  gray  limestone 1 

Only  No.  3  is  now  visible  in  above  section.    The  same  stone 
appears  in  the  stream  channel  south  of  the  railroad. 
Section  in  the  quarry  at  Henton : 

FEET. 

5.  Loess  and  drift  of  varia|>le  thickness. 

4.  Shale,  gray,  with  thin  calcareous  layers  and  occasional  small 

calcareous  concretions   2 

3.  Limestone,  gray  or  yellow 1% 

2.  Limestone,  gray  to  cream-colored,  with  dark  cherty  concre- 

tions several  inches  in  diameter,  somewhat  pyritic 1 

1.  Limestone,  light  bluish  gray,  in  heavy  ledges  with  some 

shale  partings,   and   irregular  nodules  of  chert;    fossil- 
iferous   ; 3 

Several  small  quarries  have  been  opened  in  this  vicinity. 
Quarrying  operations  have,  however,  been  carried  on  only  inter- 
mittently, and  then  in  a  desultory  way.  Away  from  the  Missouri 
bluflFs,  very  few  quarries  have  been  opened,  although  the  lime- 
stone members  are  occasionally  exposed.  The  section  given  be- 
low shows  more  limestone  than  the  average. 

Section  near  the  banks  of  Silver  creek,  one-third  of  a  mile  west 
of  the  center  of  section  5,  White  Cloud  township : 

FEET. 

7.  Loess  and  gravelly  drift 17-f- 

6.  Shale,   marly % 

5.  Limestone,  grayish  yellow,  in  three  or  four  heavy  ledges, 

cherty  and  cavernous  6 

4.  Limestone,  grayish   blue,   compact % 

3.  Talus  slope   2 

2.  Limestone,    yellow,    f ragmental 2 

1.    Limestone,  formerly  quarried,  but  now  concealed  to  water 

level  of  Silver  creek,  about 3 
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These  beds  are  much  obscured,  the  outcropping  edges  of  No.  5 
being  the  only  stone  visible  in  place.  Quarries  were  formerly 
operated  in  section  36,  Bawls  township,  the  upper  ledge  being 
striated.  Stone  is  no  longer  quarried  in  the  vicinity.  While 
the  limestone  ledges  exposed  are  of  fair  quality  for  crushed 
stone  purposes  the  large  percentage  of  materials  which  must 
be  wasted  makes  quarrying  unprofitable. 

MTFCHELL  COUNTY. 
Sand  and  Gravkl. 

Mitchell  county  is  almost  completely  covered  with  lowan  drift 
except  for  a  few  *  islands"  of  Kansan  drift  overlain  by  loess. 
While  the  lowan  drift  is  often  covered  by  a  gray  loess,  the 
thickness  of  this  is  measured  in  inches  rather  than  feet.  Bu- 
chanan gravels  are  represented  by  both  the  valley  phase,  ap- 
pearing now  as  stream  terraces,  and  the  upland  phase.  (See 
Buchanan  county  report.)  In  addition,  reworked  materials  and 
lowan  gravel  trains  are  present.  The  former  appear  as  sand 
and  gravel  bars  in  Little  Cedar  river  east  of  Osage,  and  in  the 
Wapsipinicon  near  Biceville,  but  as  a  source  of  supply  are  of 
minor  importance. 

Stream  Terraces. — The  valley  phase  of  the  Buchanan  gravels 
makes  its  appearance  along  Little  Cedar  and  Wapsipinicon 
rivers.  A  low  terrace  rising  from  ten  to  fifteen  feet  above  the 
flood  plain  of  the  Little  Cedar  probably  contains  sand  and  gravel, 
judging  from  the  springs  above  and  the  bogs  below,  yet  no 
pits  could  be  observed. 

Terraces  of  lowan  age  may  be  seen  occasionally  along  the 
Cedar  valley.  The  city  of  Osage  derives  much  of  its  supply  of 
sand  and  gravel  from  a  pit  in  a  broad  terrace  fifteen  feet  above 
the  river  flood  plain  in  the  northern  part  of  section  34,  Cedar 
township.  This  pit  is  operated  by  the  Osage  Cement  Products 
Company.  The  section  shows: 


Soil,  pebbly   %-l 

Gravel,  fine,  some  sand  amd  coarse  gravel,  dark  brown 1-2 

Gravel,   similar  to  above  but  lighter  colored 1-2 

Gravel,  fine  to  coarse,  fairly  clean,  containing  limestone  slabs 

and   a   little   clean    sharp    sand,    exposed t      6 
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Several  acres  of  similar  materials  are  known  on  N.  W.  Nel- 
son's farm,  where  pits  have  been  opened.  In  section  21  of  the 
same  township,  there  is  another  broad  terrace  similar  in  its 
essentials  to  the  one  just  described. 

Upland  Gravels. — The  upland  phase  or  outwash  aprons  of 
the  Buchanan  stage  are  of  prime  importance  in  road  construc- 
tion as  they  are  more  evenly  distributed  than  any  of  the  other 
forms  in  which  suitable  materials  occur.  Professor  Calvin  in 
his  report  on  this  county  in  volume  XIII  of  the  Iowa  Geological 
Survey  describes  a  few  pits  in  the  following  way,  "There  is 
a  typical  pit  of  the  upland  phase  of  the  gravels  a  short  distance 
southwest  of  Osage  in  the  northwest  quarter  of  section  35,  Cedar 


iwest  quarter  of 


township.  The  deposit  is  very  ferruginous  and  weather-stained. 
Most  of  the  crystalline  pebbles  are  profoundly  altered  and  de- 
cayed. The  section  shows  four  feet  of  coarse,  ferruginous  gravel. 
Along  with  the  northern  granites  and  greenstones  are  some 
fragments  of  the  local  lithographic  limestone,  and  it  is  inter- 
esting to  note  that  the  limestone  has  suffered  less  from  weath- 
ering than  most  of  the  crystalline  pebbles.  Above  the  gravel  is 
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a  mantle  of  fresh  lowan  loess.  There  is  no  lowan  drift.  The 
pit  is  located  on  a  knob  which  rises  eighty  feet  above  the  level 
of  the  river.  A  short  distance  west  of  Mitchell  is  another  pit  of 
rusty  Buchanan  gravel  similarly  located  in  a  loess-Kansan  area 
which  rises  conspicuously  above  the  level  of  the  adjacent  lowan 
plain. 'J 

Gravel  is  common  along  the  river  but  it  is  found  on  the  bluffs 
and  not  in  the  valley.  An  example  of  this  is  an  iron-stained 
gravel  occurring  on  the  bluflf  at  the  west  end  of  the  mill  dam  in 
Mitchell.  Extensive  deposits  are  also  fairly  common  on  the  up- 
lands remote  from  the  streams.  It  seems  hardly  necessary  to 
mention  each  deposit  but  it  might  be  added  that  Jenkins  and 
Douglas  townships  have  these  gravels  in  greater  abundance  than 
other  localities. 

Stone. 

The  Cedar  Valley  limestone  of  the  Devonian  forms  the  coimtry 
rock  over  the  entire  county.  Excellent  sections  may  be  seen 
along  the  principal  streams,  especially  along  Cedar  river  west 
of  Osage.  Practically  the  entire  series  of  beds  known  to  occur 
in  the  county  appear  in  a  single  section  aggregating  about 
eighty-five  tq  ninety  feet.  According  to  Professor  Calvin  in  his 
admirable  discussion  of  the  Geology  of  Mitchell  county  the  de- 
tails of  one  of  these  standlard  sections  are  as  follows : 

The  Chandler  Cliff  Section,  located  on  the  east  side  of  the 
river  on  the  southeast  quarter  of  the  southeast  quarter  of  section 
21,  directly  west  of  Osage : 

FEET. 

26.    Residual  clay  in  which  thin,  weathered  slabs  and  flakes  of 

limestone  are  embedded,  part  of  mantle  of  waste 4 

25.     Limestone,  coarse-grained,   rough,  weathered,  magnesian . .         Vz 

24.  Limestone,  firm,  fine-grained,  lithographic  ledge,  somewhat 
concretionary  and  containing  imperfectly  preserved 
stromatopoEoids    1 

23.     Limestone,  partly  decayed  and  partly  shaly  layer 1 

22.  Limestone,  fine,  light  colored,  lithographic  bed.  The  bed  as 
usual  shows  two  divisions  which  are  separated  by  a  pecu- 
liar suture-like  Joint  due  to  the  interlocking  of  small 
prominences  from  the  apposed  surfaces.  This  interlock- 
ing Joint  is  seen  in  all  the  exposures  of  this  vicinity.  The 
interlocking  denticles  show  stylolltic  structure 2 

21.     Shaly  parting  V„ 
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20.    Limestone,  lltliographlc,  In  three  parts;  upper  part  as  usual 

very  fine-grained  and  homogeneous 2^> 

19.  Shaly   parting    , J4 

15.  Limestone,  lithographiCt  fine-grained , 1 

17.  Limestone,  coarse,  dolomltic 1 

16.  Limestone,  fine-grained,  laminated 1 

15.     Dolomite,  coarse,  granular,  in  beds  ranging  from  six  inches 

to  a  foot  in  thickness 4 

14.     Shaly   parting , .         % 

13.    Limestone  with  lithographic  nodules  embedded  in  granular 

matrix    1!4 

12.  Limestone,  heavy  layer  which  is  dolomltic  below  and  partly 
lithographic  above.  The  lithographic  portion  is  Joined  to 
the  coarser  dolomite  by  a  wavy  and  irregular  line It/J 

11.    Shaly  band,  variable  in  thickness,  averaging  about., % 

10.    Dolomite,  heavy  layer,  subcrystalline 1% 

9.    Shaly  parting  I/J 

8.  Limestone,  thick  layer,  coarse  and  granular  at  the  base,  up- 
per six  inches  partly  lithographic 1% 

7.  Limestone,  hard,   light  gray,  lithographic  stone V/a 

6.  Limestone,  shaly.   decayed    1 

5.  Limestone,  light  gray,  crystalline,  good  building  stone V/^ 

4.  Dolomite,  evenly  bedded,  yellowish,  good  quality,  quarried 

for  building  stone  at  many  points  in  the  county,  layers 
ranging  up  to  a  foot  or  more  in  thickness,  no  fossils 9 

3.  Dolomite,  irregularly  and  indefinitely  bedded,  much  checked 

and  cut  by  Joints,  carries  numerous  casts  of  Athyris 
vittata  and  other  species  characteristic  of  the  same  hori- 
zon. This  member  will  be  referred  to  hereafter  as  the 
Athyris  zone  12 

2.  Limestone,  two  heavy,  irregular,  nonlaminated,  dolomltic 
beds,  containing  many  shapeless  cavities  lined  with  cal- 
clte   5 

1.  Limestone,  magneslan,  partly  dolomltic.  in  regular  layers . .     15 

For  convenience  a  generalized  section  may  be  composed  from 
the  above  section  and  one  or  two  others  in  the  immediate  neigh- 
borhood. The  following  is  believed  to  closely  approximate  the 
truth : 

GENERALIZED   DEVONIAN    SECTION. 

FEET. 

8.  Magnesian   limestone   above   the   lithographic   zone,   repre- 

pented  usually  by  weathered  chips 6 

7.  Lithographic    zone 9 

6.  Assemblage  of  variable  beds  between  the  lithographic  zone 

and  the  evenly  bedded  quarry  stone 15 

5.  Quarry  stone,  No.  4  of  the  Chandler  cliff  section 10 

4.  Athyris   bed    ... .' 12 

8.  Coarse,  vesicular  bed  with  calcite-lined  cavities 5 

2.  Regular  bedded  dolomite  at  base  of  Chandler  section 15 

1.     Folded  and  brecciated  zone :'^ 15 
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1.  SO — CIlfT  below  the  wasron  bridge  In  th 
Osage  township.  Hltchell  county.  There 
the   base  of  the  clirr:  the  lithographic  lln 


Number  1  in  the  general  section  may  be  seen  one-fourth  mile 
below  the  electric  power  plant  just  below  the  wagon  bridge  di- 
rectly west  of  Osage.  The  upper  portion  of  the  section  closely 
resembles  Chandler's  Cliff. 

The  principal  streams  in  the  county  are  strike  streams  and 
the  general  slope  is  parallel  with  the  dip  south  and  west.  The 
beds  which  are  quarried  at  St,  Ansgar  are  essentially  the  same 
as  those  quarried  at  Orchard,  and  those  being  developed  in  the 
vicinity  of  Mclntire  find  their  counterparts  In  the  quarries  along 
Rock  creek. 

In  the  vicinity  of  Osage  quarrying  operations  are  Umited  al- 
most wholly  to  the  lithographic  beds.  Near  Mitchell  and  St 
Ansgar,  and  along  the  Little  Cedar  from  Stacyville  to  Brown- 
ville,  the  regularly  bedded  dolomites,  corresponding  to  number 
4  in  the  Chandler  section,  are  worked.  At  Melntire  and  along 
Rock  creek  the  lithographic  zone  is  the  one  mainly  utilized.    At 
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Crtranto  the  Athyris  bed  is  worked  and  it  would  appear  that 
number  1  of  the  Chandler  section  ought  to  be  within  working  dis- 
tance of  the  surface.  In  order  that  the  details  may  be  better 
ander&tood  and  the  latent  resources  of  the  county  more  fully 
appredated,  a  detailed  quarry  section  from  each  of  the  more 
important  districts  is  ^ven  below.  A  considerable  number  of 
quarries  have  been  opened  along  Sugar  creek  southwest  of 
Osage.  One  of  the  most  important  of  these  is  known  as  the 
Lewis  lime  quarry.    The  section  is  as  follows : 


Fnj.  61 — The  L.e»la  lime  quarry,  ... 

■hip.  Mitchell  county,  one  and  one-half  

exposed  are  hard  and  compact  and  are  fairly  repi 

LEWIS  LIMB  QUARRY. 

10.  Dark  brown  residual  clays  with  some  graaular,  calcareous, 
reeldual  material  resembling  flue  sand,  and  many  weath- 
ered chips  of  limestone 4 

9.  UmestoDe,  firm,  wbltlsfa.  flae-Kralned  ledge  of  concretionary 
lithographic  stone  containing  a  number  ot  obscure  strom- 
atoporoids   j^ 

8.    Limestone,  shaly,  toselllferous,  fossils  mostly  In  the  form  of 

comminuted  brachlcwod  shells  » U 
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7.  Limestone;  hard,  fine-grained,  lithographic,  with  lamination 
planes  well  defined  in  some  places^  less  perfectly  defined 
in  others,  and  with  a  tendency  to  ^plit  up  into  individ- 
ual layers  of  varying  degrees  of  thickness. .... « V/^ 

6.    Shale,  marly^ ...,.,. -, % 

5.  Limestone,  heavy  ledge  of  fine-grained  lithographic  stone 
dividing  into  two  parts,  the  upper  ten,  the  lower  .seven- 
teen inches  in  thickness.  The  lower  five  Inches  is  very 
fine  and  homogeneous  In  texture  and  tends  in  places  to 
separate   as   a  distinct   layer , 2^4 

4.    Thin  shaly  parting Vu 

3.  Limestone,  ledge  of  fine-textured  lithographic  stone  in  three 
parts,  eight,  seventeen  and  one^half,  and  three  and  one- 
half  Inches  respectively    2]/^ 

2.    Shaly  parting   ♦ V« 

1.    Limestone,  coarser  and  less  perfect  lithographic  stone,  in 

two  parts,  eleven  and  nine  Inches  thick I^ 

Beds  3,  5,  7  and  9  are  fine-grained  and  light  colored,  break 
with  conchoidal  fracture,  and  would  all  be  classed  as  lithographic 
limestone.  It  is  the  upper  eight  inches  of  No.  3  and  the  lower 
five  or  six  inches  of  No.  5  that  are  fine  enough  and  homogeneous 
enough  to  give  promise  of  possessing  commercial  value  as  serv- 
iceable lithographic  stone.  All  the  beds  are  checked  and  jointed 
on  an  extensive  scale,  and  this  renders  it  diflSicult  to  obtain  blocks 
of  usable  size  for  lithographic  purposes. 

The  lithographic  beds  are  quarried  at  an  opening  on  the  land 
of  Dr.  W.  H.  Grable  in  the  northwest  quarter  of  the  southeast 
quarter  of  section  27  about  half  a  mile,  northwest  of  the  Lewis 
quarry.  The  lithographic  beds  here,  as  elsewhere,  are  remark- 
al>ly  durable  as  evidenced  along  natural  fissures.  Detached 
blocks  which  bear  evidence  of  long  exposure,  ring  when  struck 
with  the  hammer  and  show  slight  indication  of  surface  softening 
and  disintegration.  An  average  sample  was  taken  from  the 
Gable  quarry  and  analyzed.    The  results  were  as  follows : 

Insoluble    2.21 

Iron  and  alumina 3.S2 

Calcium  carbonate   90.17 

.    Magnesium  carbonate    ,  1.03 

Moisture  and  organic  matter 2.63 

99.86 
A.  O.  Anderson,  Analyst. 

The  sections  exposed  at  St.  Ansgar  and  Mitchell  show  no  new 
fateies.     The  dolomiMc  beds  are  worked  the  most  though  the 
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lithographic  beds  are  available  at  the  latter  place.  At  Otranto 
only  the  lower  beds  exposed  in  the  Chandler  section  are  known, 
while  along  the  Little  Cedar  the  middle  to  lower  beds  are 
available. 

Near  Mclntire  the  following  section  exposed  near  the  mill 
southeast  of  town  may  be  taken  as  a  fair  average.  The  beds 
exposed  are  as  follows : 

FEET. 

5.  Loess   and    soil 6 

4.  Limestone,  decayed,  magnesian,  granular 2 

3.  Limestone,  laminated,  lithographic  stone 3 

2.  Limestone,  solid,  gra/Qular  and  fossiliferous 1^ 

1.  Limestone,  thin-bedded,  i>artl7  lithographic  stone,  yaria;ble.  2 

In  the  bed  of  the  small  creek  between  the  quarry  and  the  mill, 
there  are  firm  dolomitic  beds  below  the  level  of  the  above  section. 
The  entire  assemblage  of  beds  in  this  part  of  the  county  are  sup- 
posed to  be  the  equivalents  of  those  exposed  near  the  top  at 
Osage  and  Orchard. 

Notwithstanding  the  abundance  of  excellent  structural  mate- 
rials available  none  of  the  quarries  are  of  more  than  local  im- 
portance. 

The  Cedar  Valley  limestones,  as  a  whole,  especially  as  devel- 
oped in  Mitchell  county,  are  thoroughly  indurated  and  are  above 
the  average  in  quality  for  crushed  stone  purposes.  At  the  pres- 
ent time  transportation  facilities  are  not  available  at  most  of 
the  best  quarry  sites. 

MONONA  COUNTY. 
Sand  and  Gravel. 

The  important  sand  and  gravel  deposits  of  Monona  county 
are  in  the  main  similar  to  those  of  Harrison  county;  they  are 
the  old,  loess  and  drift  covered  Aftonian  gravels.  Professor 
Shimek,  in  his  report  on  Harrison  and  Monona  counties  in  1909, 
enters  into  a  quite  comprehensive  discussion  of  this  formation, 
and  the  parts  of  it  that  have  bearing  on  the  substance  of  this 
report  are  reproduced  in  the  discussion  of  Harrison  county. 
Duplication  of  that  material  is  hardly  necessary  here,  and  the 
reader  is  referred  to  the  first  few  pages  of  the  report  on  that 
county  for  the  general  facts  which  relate  to  both. 
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As  mentioned  in  the  report  on  Harrison  county,  the  sequence 
of  numbers  of  the  detailed  descriptions  by  Shimek  covers  both 
counties.  Those  which  follow  here  are  all  within  Monona 
county,  and  the  numbers  will  be  found  to  supplement  those 
previously  reported.  It  has  been  convenient  to  arrange  them 
here  by  townships. 

Belvidere  Township, 

8,  Elliott  Pit. — This  is  a  sand  pit  located  in  the  northeast 
part  of  Turin.  Sand  and  gravel  in  this  pit  are  typically  Afton- 
ian  in  the  cross-bedding,  streaking  with  iron  and  MnOi,  the 
presence  of  silt  and  drift  nodules  or  pellets  and  white,  soft  cal- 
careous nodules,  and  the  occurrence  of  mollusks  in  the  sand  and 
mammalian  remains  in  the  gravel.  The  Aftonian  is  exposed  to 
a  depth  of  about  twelve  feet.  In  the  greater  part  of  the  expo- 
sure the  fine  sand  lies  above  the  gravel,  though  there  is  some 
interbedding,  but  near  the  south  end  a  layer  of  coarse  ferru- 
ginous gravel  rests  on  the  sand.  A  distinct  band  of  bluish  or 
reddish  laminated  silt  was  found  above  the  sand  and  gravel.  It 
is  about  two  feet  thick,  and  grades  downward  into  fine  sand. 

There  are  two  small  pits  in  section  34;  and  a  gravel  pit  show- 
ing Loveland  in  Crabb  's  bluff  in  northwest  27. 

Kennebec  Tottmship. 

9.  Ordway  Pit. — Located  on  a  bluff  on  the  southwest  side  of 
Maple  river,  opposite  Castana.  The  Aftonian  here  rises  about 
forty  feet  above  the  Maple  bottoms  and  shows  the  following 
section : 

FEET. 

5.    Loess,  abundant  on  lidge  above  section. 

4.     Loveland    5-6 

3.    Kansan   drift    6-18 

2.    Aftonian,   fine,   croBs4>edded,   with   interstratified   silt   and 

other  characteristics  of  typical  Aftonian 5-8 

1.    Aftonian  ferruginous  gravel,  in  part  forming  conglomerate 

plates  8-4 

Both  this  and  the  following  section  are  on  a  sloping  Kansan 
bench  with  no  overljdng  loess.  In  the  northern  part  of  the 
same  pit  a  layer  of  gravel  three  feet  in  thickness  lies  under  the 
sand.    Several  large  bowlders  rested  on  this  gravel  layer. 
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10.  Ordway  Well. — This  is  excavated  on  the  same  terrace- 
like slope  about  one-eighth  of  a  mile  northeast  of  the  pit.  It 
shows  the  presence  of  Aftonian  sand,  with  a  little  gravel,  un- 
derlying Kansan  till  and  resting  on  a  deep  bed  of  Nebraskan 
drift. 

16.  Weniger  Pit. — ^A  sand  pit  located  in  the  east  half  of  sec- 
tion 18,  in  the  bluffs  facing  the  Missouri  valley.  It  shows  eight 
feet  of  sand  and  gravel,  on  which  typical  Kansan  drift  rests  un- 
conformably.  The  Aftonian  here  rises  about  forty  feet  above 
the  Missouri  bottoms. 

MONROE  COUNTY. 
Sand  and  Gbavix. 

Terrace  gravels  occur  along  some  of  the  larger  streams  in 
Monroe  county,  but  the  deposits  are  somewhat  interrupted. 
Large  quantities  of  excellent  material  may  be  obtained  from 
Des  Moines  river  in  the  vicinity  of  Eddyville,  both  from  the 
present  stream  channel  and  from  the  flood  plain.  The  Chicago, 
Burlington  &  Quincy  Eailroad  Company  has  put  down  a  number 
of  test  pits  along  Whippoorwill  creek  in  Wayne  and  Guilford 
townships.  The  pits  show  from  ten  to  twelve  feet  of  gravel. 
The  gravels  are  evidently  stratified  and  in  some  of  the  pits 
show  materials  fairly  free  from  silt  and  clay,  which  are  suit- 
able for  railway  and  road  work.  These  gravels  form  a  terrace 
some  twenty  to  thirty  feet  higher  than  the  present  flood  plain. 
As  a  rule,  the  terraces  at  lower  levels  are  composed  of  fine 
gravel  with  predominating  sand  and  some  silt  and  are  not  so  well 
suited  for  road  work.  The  lower  terraces  are  usually  covered 
with  alluvium  from  zero  up  to  four  or  five  feet  in  thickness. 

The  older  gravels  are  not  available.  The  principal  source  of 
supply  is  Des  Moines  river  outside  the  confines  of  the  county. 

Stone. 

The  Saint  Louis  limestone  outcrops  along  the  principal 
streams  in  the  immediate  vicinity  of  Eddyville.  The  harder 
beds  afford  excellent  materials  suitable  for  road  and  concrete 


474  ROAD  AND  CONCRETE  MATERIALS  IN  IOWA 

work,  but  only  limited  quantities  are  available  on  account  of 
the  excessive  stripping  when  the  beds  are  followed  into  the 
bluffs. 

MONTGOMERY  COUNTY. 
Sand  and  Gravel. 

The  only  deposits  of  sand  and  gravel  in  Montgomery  county 
which  are  of  any  importance  are  found  in  East  Nishnabotna 
river.  These  are  very  small,  however,  and  are  of  practical  value 
only  from  Stennett  to  a  point  a  short  distance  below  Bed  Oak. 
Other  streams  have  some  sand  and  gravel,  but  in  such  small 
amounts  as  to  be  of  no  economic  importance. 

Sand  which  is  practically  uncemented  and  usable  for  struc- 
tural purposes  is  occasionally  found  in  the  Cretaceous  beds 
which  underlie  the  surface  deposits.  In  the  upper  portion  of 
the  Cretaceous  between  Coburg  and  Bed  Oak  the  conglomerates 
and  loose  sandy  and  pebbly  layers  are  quite  accessible  and  could 
be  made  available.  At  the  former  place  the  combined  section  as 
given  by  Lonsdale  in  his  report*  on  the  county,  is  as  follows: 

FEET. 

5.    Loesfi  12 

4.    Conglomerate   or    pudding-Btone   with    hard    llmonite    and 

clays  as  matrix;  thickness  yariable 9 

3^.    Gravel  and  sand  In  alternate  cross^bedded  layers 3 

2.    Gravel  and  sand,  very  coarse 2 

1.    Sand  and  gravel;  light  colored;  variably  cross-bedded 18 

On  the  top  of  a  high  knob  in  section  22,  Douglas  township,  is 
a  large  deposit  of  clean  sharp  sand.  A  similar,  bed  has  been 
opened  on  a  slope  about  a  mile  east  of  Villisca.  The  material 
from  both  of  these  has  been  used  for  mortar  and  plaster. 

In  section  17  of  Grant  township  the  Chicago,  Burlington  & 
Quincy  Railroad  has  a  pit  from  which  the  loose  material  from 
the  Cretaceous  conglomerate  is  being  removed.  This  conglomer- 
ate, or  ''pudding-stone'*  lies  on  the  east  slopes  of  the  East 
Nishnabotna  almost  continuously  from  Red  Oak  to  the  southern 
boundary  of  the  county,  and  has  an  average  thickness  of  some 
twenty-five  feet.  In  places  it  is  firmly  cemented  by  limonite 
and  again  the  pebbles  and  sand  are  loose. 

•Iowa  Geological  Survey,  Vol.  IV,  p.  419. 
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In  none  of  the  deposits  named  do  the  materials  occur  in  any 
quantity.  For  ^ork  of  any  importance  outside  sources  of 
gravel  and  sand  must  be  relied  upon.  At  present  most  of  the 
material  shipped  in  comes  from  Platte  river  in  Nebraska. 

The  Stennett  limestone  and  the  Cretaceous  and  Coal  Measures 
shales  are  possible  sources  of  road  material.  The  gumbo  clays 
have  been  burned  in  the  past  for  railway  ballast,  and  it  would 
seem  that  they  might  be  made  to  serve  a  useful  purpose  in  road- 
making. 

Stone. 

Strata  belonging  to  the  Missouri  stage  of  the  Upper  Carbonif- 
erous underlie  the  whole  of  Montgomery  county.  They  are  cov- 
ered in  part  by  Cretaceous  beds,  but  are  exposed  at  a  large  num- 
ber of  places  along  the  principal  streams.  Carboniferous  strata 
are  the  country  rock  of  all  lowland^,  where  the  drift  or  alluvial 
beds  rest  directly  upon  them. 

The  principal  exposures  of  economic  importance  occur  along 
East  Nishnabotna  river  and  Walnut  creek  in  the  western  half 
of  the  county,  and  on  the  lower  course  of  Tarkio  river  and  the 
upper  course  of  the  West  Nodaway  in  the  eastern  part  of  the 
county.  The  quarry  industry  is  not  at  present  in  a  very  flourish- 
ing condition,  but  stone  suitable  for  common  building  purposes 
has  been  taken  out  at  times  from  a  score  or  more  of  different 
places.  Many  of  the  quarries  that  were  formerly  worked  on  a 
scale  of  some  magnitude  are  now  abandoned  and  good,  unob- 
scured  sections  are  somewhat  difficult  to  find. 

The  town  of  Stennett  in  the  southern  part  of  Sherman  town- 
ship is  the  center  of  what  have  been  the  most  extensive  quarry 
operations  in  the  county.  Lonsdale*  records  in  his  report  on 
Montgomery  county  in  1894,  nine  working  quarries  in  this  dis- 
trict. Some  dressed  stone  was  produced  and  large  quantities 
were  shipped.  At  present  stone  is  being  taken  from  but  one 
opening,  the  W.  Stennett  quarry,  and  this  is  sold  locally.  The 
section  here  as  given  by  Lonsdale  is  as  follows: 

•Iowa  Oeologrlcal  Survey,  Vol.  IV,  1894. 
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12.  Soil  and  loess 8 

11.  Clay,  residuary,  red  to  brown  in  color V/^ 

10.  Limestone,  weathered   2 

9.  Shale,  argillaceous  % 

8.  Limestone,  hard    m 

7.  Shale,  clayey,  buff  to  gray 3% 

6.    Limestone,  •earthy,  in  part  ocherous 2^ 

5.    Limestone,  shaly  3 

4.    Limestone,  impure,  earthy 1 

3.    Limestone,   hard,   subcrystalline ^ 

2.    Limestone,  contains  much  dark  chert ^ 

1.    Limestone,  in  thin  layers 6 

Number  8  is  persistent  in  all  exposures  in  the  vicinity,  and 
is  one  of  the  principal  ledges  used.  It  is  hard,  blue  in  color, 
and  a  very  good  building  stone.  As  observed  in  the  quarry,  the 
other  beds  appear  less  stable  under  weathering  influences.  Oc- 
casional thin  bands  of  shale  separate  the  limestone  ledges  in 
most  exposures.  An  overburden  of  two  to  eight  feet  of  soil  and 
loess  is  usually  present,  and  this,  along  with  an  average  of  five 
feet  of  worthless  stone,  must  be  stripped. 

The  principal  quarries  that  have  been  worked  here  are  located 
in  sections  22,  26  and  27,  of  Sherman  township.  There  are  con- 
siderable areas  in  this  vicinity  in  which  the  limestone  is  not 
far  beneath  the  surface,  and  where  it  would  be  available  without 
an  excessive  amount  of  stripping.  Near  the  southeast  comer  of 
section  21,  and  in  section  22,  along  a  small  tributary,  is  exposed 
a  thickness  of  some  twenty-six  feet  of  limestone  strata,  the  prin- 
cipal layers  of  which  are  lower  than  the  Stennett  quarry  sec- 
tion given.  A  maximum  depth  of  twenty  feet  of  loess  covering 
is  present  a  little  back  from  the  present  face. 

Following  is  the  section  at  the  old  McCalla  quarry,  in  the 
southwest  quarter  of  the  southeast  quarter  of  section  23,  Sher- 
man township : 

FEET. 

13.  Soil 1 

12.  Limestone,  decomposed,  Fusulina-bearing   1%  ' 

11.  Clay,  for  the  most  part  residual V/^ 

10.  Limestone,  hard,  light  to  dark  gray ^ 

9.  Limestone,  with  black  flint,  hard  in  central  part;    many 

Fusulina  present  throughout 6 

8.  Limestone,  .buff  to  brown  in  color,  Fusulina  irregularly  dis- 

tributed         1 
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FE£T. 

7.    Limestone,  light,  12-lnclL  ledges;  weathered 1^ 

6.    Unexposed,  probably  similar  to  No.  9 4 

5.  Limestone,  thin  layers,  shaly  partings 5 

4.  Limestone,  hard,  grayish  brown;  concretions  of  dark  flint 

disseminated  in  central  portions IY2 

3.  Limestone,  earthy  2/^ 

2.  Shaly  partings  J4 

1.  Limestone,  bulT,  earthy 1 

Several  ledges  of  usable  stone  are  here  available,  and  the  cov- 
iiTing  is  not  thick. 

Limestone  has  been  quarried  along  Walnut  creek,  in  the  east 
half  of  section  1,  Walnut  township.  The  following  section  was 
f  ormeriy  exposed : 

FEET. 

6.  Soil  and  residual  material 5 

5.  Shale,  buJT  to  gray ^ 

4.  Limestone  (decomposed),  and  shales 5 

3.  Limestone,  flint-bearing    1]^ 

2.  Limestone,* hard,  grayish,  in  two  ledges;  very  fossiliferous, 

dimension  stone  1^ 

1.  Limestone,  "blue  layer,"  dimension  stone V/^ 

Near  Climax  in  the  southeast  quarter  of  section  19,  West 
township,  some  ten  feet  of  the  Missouri  strata  under  a  heavy 
overburden  were  f ormeriy  quarried.    They  were : 

FEE1\ 

7.  Soil,  loess  and  drift 18 

6.  Limestone,  hard,  drab,  fine-textured,  not  fully  exposed 1 

5.  Limestone  and  shale,  marly 3 

4.  Shale,  argillaceous,  gray   2 

3.  Limestone,  bluish,  dull,  earthy 1 

2.  Shale,  argillaceous,  gray   1 

1.    Limestone,  light  blue,  hard;  dimension  stone 1% 

Two  or  three  small  quarries  have  been  worked  along  Middle 
Tarkio  river  and  its  tributaries  in  section  20  of  Scott  township, 
and  stone  has  been  taken  out  at  other  points  northward  to  Stan- 
ton. The  stone  used  came  from  two  ledges,  each  about  one  foot 
thick,  and  separated  by  six  inches  of  marly  shale.  The  upper 
layer  is  a  yellowish  gray,  earthy  limestone;  the  lower,  a  hard, 
grayish  blue  limestone,  containing  particles  of  iron  pyrite  which 
are  often  oxidized  to  the  brown  hydroxide  or  iron  rust.  Both 
'strata  are  suited  for  undressed  dimension  stone  and  for  founda- 
tion work. 
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A  small  amount  of  stone  has  been  removed  from  an  opening 
one  and  one-half  miles  east  of  Villisca.  But  one  bed  of  value 
occurs  here,  and  it  is  covered  with  several  feet  of  shales.  From 
this  point  northward,  the  Upper  Coal  Measures  can  be  traced 
along  the  West  Nodaway  to  the  north  county  line. 

Suitable  stone  for  quarrying  is  found  in  the  vicinity  of  Grant 
(Milford)  in  Douglas  township.  Here  a  number  of  quarries  have 
been  worked,  but  from  only  one  is  stone  now  being  removed.  The 
section  is  almost  entirely  limestone,  and  the  ledges  vary  from  a 
few  inches  to  more  than  three  feet  in  thickness.  The  old  Fisher 
quarry,  located  near  the  south  edge  of  section  3,  and  west  of  the 
river,  is  now  worked  intermittently  by  Mr.  Richard  Berry.  The 
strata  now  exposed  are : 

FEET. 

•6.    Soil,  loess,  oxidized  drift,  sand  and  gravel 5 

5.     Shale,  plastic,  gray  to  yellow • 1% 

4.    Shaly  limestone,  fossiliferous,  thinly  laminated  and  of  no 

value    1 

3.     Shale,  soft,  yellow 1-2 

2.    Weathered  limestone,  nodular,  yellow,  marly  texture,  flint  in 

lower  portion,  distinctly  separated  from  No.  1 If^ 

1.  Limestone,  filled  with  Fusulina  which  stand  out  on  weath- 
ered faces.  Many  small  and  large  flint  nodules  often  in- 
cluding the  Fusulina;  yellow  to  gray  in  color,  numerous 
cavities  lined  with  calcite.  One  solid  ledge  and  appar- 
ently of  a  fair  grade 3% 

The  rock  is  exposed  at  the  mill  dam  at  Grant,  and  at  other 
points  up  the  river  into  Cass  county.  It  has  been  quarried  di- 
rectly across  the  Nodaway  from  the  Berry  opening.  No  stone 
has  been  taken  out  for  some  time,  but  there  is  an  old  face  some 
600  feet  in  length  along  the  hillside.  The  covering  is  not  ex- 
cessive. 

It  is  obvious  from  a  casual  inspection  of  the  sections  given 
above  that  considerable  limestone  of  usable  quality  is  present 
in  Montgomery  county,  but  it  is  equally  obvious  that  the  ex- 
cessive amount  of  materials  which  must  be  wasted  in  the  form 
of  overburden  and  interbedded  shales  and  clays  make  economic 
quarrying  for  road  and  concrete  materials  unprofitable. 
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MUSCATINE  COUNTY. 
Sand  Ain>  Gravel. 

With  the  exception  of  the  Mississippi  river  deposits  the  sand 
and  gravel  resources  of  Muscatine  county  are  extremely  lim- 
ited. Some  gravel  has  been  obtained  along  the  railroad  in  the 
east  bluff  of  Mad  creek,  near  the  northwest  corner  of  section  25, 
in  Muscatine  township.  It  has  been  used  for  ballast  on  the  rail- 
road. Other  pits  have  been  opened  near  this  place,  the  most  im^ 
portant  of  which  is  located  on  the  Sinnett  Estate  in  section  24 
of  Bloomington  township.  Here  the  gravels  attain  a  thickness 
of  forty  feet.  The  material  is  variable  in  texture  and  composi- 
tion, ranging  from  sand  to  coarse  gravel  carrying  some  cob- 
blestones and  more  or  less  silt  and  clay  throughout.  -The  de- 
posit is  overlain  by  loess  and  wash  from  zero  to  ten  feet  in 
thickness.  It  is  well  adapted  for  road  work,  but  carrjes  too 
much  dirt  for  use  in  concrete.  From  the  outcrops  it  appears 
that  four  or  five  acres  of  these  gravels  are  easily  available  on 
the  west  side  of  Mad  creek.  A  somewhat  more  extensive 
deposit  of  gravel  and  sand  occurs  under  the  Kansan  till  in 
the  bluff  near  the  center  of  section  6  in  Fruitland  township. 
This  gravel  is  in  part  sand.  Some  years  ago  it  was  used  in 
macadamizing  the  Hershey  Avenue  road  for  a  distance  of  three 
miles  west  of  the  city  of  Muscatine.  In  the  railroad  excava- 
tion made  west  of  Stockton,  gravel  was  uncovered  in  the  west 
side  of  a  low  flat  hill  which  lies  to  the  south  of  the  road  and 
was  used  for  ballast  on  the  road  bed.  The  deposit  was  not  far 
from  twenty  feet  in  depth  at  one  place.  Most  of  the  pebbles 
consist  of  Devonian  limestone. 

River  Sands  and  Gravels. — Mississippi  river  has  deposited 
enormous  quantities  of  sand  and  gravel  in  its  channel.  The 
proportion  of  gravel  to  sand  is,  however,  small.  Local  supplies 
for  Muscatine  and  other  towns  are  obtained  from  the  river, 
the  material  being  pumped  into  barges  which  are  towed  out 
into  the  river. 

Practically  all  of  that  wide  flat  plain  below  Muscatine  known 
as  Muscatine  Island,  and  also  several  square  miles  to  the  west 

8t 
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and  north  of  Muscatine  Slough,  which  forms  its  western  boun- 
dary, is  probably  underlain  by  sand  and  gravel.  In  the  south- 
east corner  of  section  16,  Fruitland  township,  these  materials 
are  being  removed  by  the  Northern  Gravel  Company  of  Daven- 
port. The  sand  is  being  pumped  out.  The  water  level  in  the 
pond  is  about  six  or  eight  feet  below  the  general  level  of  the 
plain.  This  sand  is  clean  and  bright,  and  is  being  used  in 
all  kinds  of  construction  work. 

Stonk. 

While  stratified  rocks  of  Devonian  age  are  believed  to  form 
the  country  rock  immediately  under  the  glacial  debris  over  the 
larger  portion  of  the  county,  exposures  are  practically  limited 
to  Moscow,  Sweetland,  and  Montpelier  townships.  Unimportant 
outcrops  are  also  known  to  occur  in  the  city  of  Muscatine.  The 
lowest  limestone  beds  exposed  are  prevailingly  brecciated  in 
character,  and  carry  a  high  percentage  of  calcium  carbonate, 
being  almost  pure  limestones,  and  are  nonfossiliferous.  The 
upper  limestone  beds  are  rich  in  organic  remains  and  oftentimes 
are  magnesian  to  dolomitic  in  character.  Quarrying  operations 
.have  been  carried  on  only  on  a  small  scale,  save  near  Missis- 
sippi river  where  considerable  material  has  been  used  for  Mis- 
sissippi river  improvement  work  by  the  Federal  Government. 
A  composite  section  compiled  from  the  outcrops  in  the  vicinity 
of  Moscow  is  about  as  follows : 

FEET. 

6.    Drift  and  surface  detritus  of  variable  thickness.    . 

5.  Limestone,  hard,,  gray,  in  rather  irregrular  ledges,  fossil- 
Iferous  and  somewhat  hrecciated;  mixed  with  the  rock 
below 5 

4.  Limestone,  softer  than  above,  mostly  concealed,  with  fre- 
quent crinoid  stems  above;  blue  and  fine-grained  ledges 
farther  down,  slightly  crushed  or  brecciated  In  the  lowest 
part;   fossiliferous  29 

3.  Limestone,  strong,  gray,  in  moderately  heavy  and  regular 
ledges,  slightly  broken  or  brecciated  in  a  few  places, 
fossiliferous   8 

2.    Limestone,  coarsely  brecciated,  emitting  a  faint,  bituminous 

odor  under  the  hammer 4 

1.    Limestone,  white,  evenly  bedded,  in  thin  layers 4 

Numbers  1  and  2  are  exposed  only  along  Sugar  creek  north- 
east of  Moscow,  while  the  upper  members  appear  west  of  the 
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town.    Quarries  have  been  operated  from  time  to  time  at  sev- 
eral points. 

Numerous  outcrops  of  Devonian  limestone  somewhat  higher 
in  the  series  than  those  about  Moscow  may  be  viewed  along 
Mississippi  river  and  its  immediate  tributaries  from  the  eastern 
border  of  the  county  to  the  city  of  Muscatine.  The  best  de- 
veloped and  least  obscured  sections  occur  in  the  vicinity  of 
Montpelier  and  along  Pine  creek. 

Along  Sulphur  branch,  a  creek  which  enters  the  Mississippi 
about  one  mile  east  of  Montpelier,  the  following  beds  appear: 

FEET. 

7.  Drift  and  soil,  of  variable  thickness. 

6.  Limestone,  weathered  ledges,  with  scattered  casts  of  cup 

corals   21/3 

5.  Limestone,  black,  carbonaceous,  with  Stromatopora % 

4.  Limestone,  bluish,  dolomitic,  thick-bedded,  with  fossil  casts      9 

3.     Shale,  soft,  fossiliferous 1 

2.    Limestone,  in  thin  hard  ledges,  with  small,  kldney^haped  or 

cakelike  Stromatopora 2 

1.    Limestone,  dolomitic,  bluish,  finely  granular;   fossiliferous, 

exposed    4 

Near  town  number  1  in  the  above  section  is  seen  to  rest  on 
a  bluish  clay  of  unknown  thickness.  The  upper  beds  have  been 
quarried,  number  4  having  been  quarried  most  extensively. 
These  ledges  exhibit  some  of  the  characteristics  of  a  *  *  free- 
stone," breaking  almost  as  readily  in  one  direction  as  in  an- 
other.* The  bedding  planes  are  even  and  well  marked.  The 
lowermost  ledge  of  number  4  is  two  feet  in  thickness.  When 
subjected  to  weathering  influences,  the  beds  tend  to  become 
clayey. 

Near  the  center  of  section  21  in  Montpelier  township,  large 
quantities  of  material  have  been  obtained  for  the  construction 
of  wing-dams  farther  down  the  river.  The  section  exposed  at 
this  point  and  near  vicinity  is  as  follows : 

TEET. 

8.  Drift  and  soil,  variable  thickness. 

7.  Limestone,  hard,  brown,  weathered,  apparently  somewhat 

brecciated  and  containing  fragments  of  Stromatopora 4 

6.  Concealed  5-h 

5.  Limestone,  weathered,  apparently  brecciated,  with  a  large 

Stromatopora  above  a  dark  carbonaceous  layer  near  the 
base,  carrying  casts  of  an  Amplexus 4 
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4.  LimeBtone,  dolomltic,  almost  white,  bluish,  finely  granular 

and  evenly  bedded;  in  heavy  ledges,  the  lowermost  nearly 
four  feet  thick,  rapidly  turning  darker  blue  and  yellowish 
on  exposure;  oblique,  curving  fracture  in  some  places, 
fossilif erous   8 

3.  Limestone,   hard.  In  thin  layers  and  rough,  but  straight 

layers  above;  fossiliferous  2 ^^ 

2.  Concealed 3 

1.  Limestone,  dolomitic,  bluish  or  gray,  with  Cystodictya 2 

Number  1  disappears  under  the  creek  and  also  undexr  tlie 
water  in  the  river. 

Sections  along  the  lower  course  of  Pine  creek  are  practioally 
the  same  as  the  one  just  given.  Higher  up  the  stream  l>ed8 
lower  in  the  series  appear.  Possibly  the  most  extensive  sticces- 
sion  may  be  studied  in  an  old  quarry  in  the  south  bank:  of  a 
small  tributary  of  Pine  creek  in  the  northeast  quarter  of  "the 
southeast  quarter  of  section  4  in  Montpelier  township. 

CARPENTER   QUARRY    SECTION. 

8.    Drift  and  soil,  of  variable  thickness. 

7.    Limestone,  much  decayed  and  appears  to  be  a  yellow  clayey 

material;   fossiliferous  "^ 

6.    Limestone,  hard,  solid  ledges,  a  foot  in  thickness,  in  places 

highly  fossiliferous  ^ 

5.  Limestone,  fine-grained  ledge,  cut  by  a  network  of  vertical 

plates  made  up  of  material  like  that  in  the  ledge  above. .  4f 

4.  Marl,  earthy  #^ 

3.  Limestone,   fine-grained,   gray,   thin-bedded  above,  thicker         ^ 

bedded  and  dolomitic  ibelow,  Gomphoceras  and  a  renlform 
Stromatopora  in  upper  part,  Cystodictya  below 2 

2.  Concealed  6 

1.    Limestone,  gray,  in  somewhat  irregular  ledges,  fossiliferous, 

exposed    3 

Numbers  3  to  6  are  the  beds  developed  in  the  above  quarry 
and  in  the  immediate  vicinity. 

From  the  mouth  of  Pine  creek,  crops  of  Devonian  limes^jv. 
continue  to  the  city  of  Muscatine,  but  none  are  of  sufficient ^^ 
portance  commercially  to  merit  individual  mention.  :^^ 

The  upper  Devonian  beds  exposed  in  the  county  consfci-|^     ^\^ 
the  Sweetland  Creek  beds  of  Udden.  They  are  prevailingly?-    ^^ 
gillaceous  in  character,  although  they  contain  certain  hard  :i3:^^^^- 
nesian  to  dolomitic  layers  below.    The  well  indurated  beds    ^^.^^^ 
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neither  sufficient  in  quantity  nor  sufficiently  accessible  to  be 
worthy  of  consideration.  Certain  of  the  shale  members  are 
highly  bituminous  while  others  contain  a  considerable  percent- 
age of  lime  phosphate. 

The  Des  Moines  stage  of  the  Coal  Measures  occurs  in  a  nar- 
row outlier  along  Mississippi  river  about  jBve  miles  in  width 
and  extending  from  Scott  county  to  a  point  about  three  miles 
west  of  the  city  of  Muscatine.  The  beds  which  represent  the 
Des  Moines  are  largely  mechanically  deposited  sediments,  rang- 
ing from  coarse  conglomerates  to  fine  shales  and  fire  clays,  with 
unimportant  seams  of  argillaceous  limestone  and  coal.  The 
sandstones  constitute  the  most  important  beds  and  occur  in 
rather  thick  lenses.  They  are  variable  in  texture,  coloration 
and  state  of  induration.  On  account  of  their  inconstancy  they 
are  not  as  highly  prized  for  structural  purposes  as  might  other- 
wise be  the  case.  They  have  been  used  quite  extensively  in  the 
past  for  foundations,  retaining  walls,  and  other  structural  pur- 
poses. At  the  present  time,  but  little  sandstone  is  being 
quarried  in  the  county.  The  principal  quarries  are  located  on 
the  West  branch  of  Pine  creek  in  Montpelier  township,  on 
section  21  in  the  river  bluff  in  Sweetland  township,  and  on 
Lowes  river  in  section  32,  Bloomington  township.  The  quarry 
stone  attains  a  thickness  of  sixty  feet  in  the  first  quarry,  is  in 
heavy  beds  up  to  four  feet  in  thickness,  is  rather  fine-grained, 
and  is  characterized  by  peculiar,  wavy,  ferruginous  bands, 
probably  due  to  infiltration  of  iron. 

In  the  second  quarry,  the  beds  are  a  little  coarser  in  texture, 
but  otherwise  similar  to  those  in  the  first,  while  those  quarried 
on  Lowes  river  are  less  ferruginous  and  as  a  consequence, 
lighter  in  color,  with  occasional  darker  layers. 

O'BRIEN  COUNTY. 
Sand  and  Gravel. 

The  gravels  of  O'Brien  county  are  very  similar  to  those  of 
Lyon  and  Sioux  counties,  being  in  the  main,  terraces  along 
the  streams  and  morainic  deposits  of  the  Wisconsin  drift. 
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Stream  Terraces. — There  are  gravel  deposits  of  more  or  less 
importance  along  practically  all  of  the  streams  of  the  county. 
Along  Floyd  river  north  of  Sheldon  are  several  openings  which 
are  now  being  worked.  Near  the  pumping  plant  in  the  north 
edge  of  town  are  several  pits  which  afford  good  material  for 
almost  any  purpose.  One  of  these,  near  the  center  of  section 
30,  Floyd  township,  shows  clean  cross-bedded  and  interbedded 
sand  and  gravel  under  some  four  feet  of  alluvium.  About 
twelve  feet  of  these  materials  are  exposed. 

T.  H.  Macbride  and  I.  A.  Williams,  who  have  done  previous 
woric  in  this  vicinity,  differ  somewhat  on  the  mode  of  accumu- 
lation. This  has  been  gone  into  more  fully  in  the  repwrt  on 
Sioux  county.  SuiBSce  it  to  say  here  that  Macbride  has  listed 
all  these  deposits  as  morainic,  of  Wisconsin  age,  while  Williams 
recognizes  in  addition  a  stream  terrace  which  he  is  prone  to 
call  a  Wisconsin  gravel  train.  The  openings  which  have  been 
observed  might  lead  to  the  conclusion  that  Williams  is  right 
in  recognizing  a  gravel  train,  since  several  of  them  are  located 
at  a  uniform  height  of  twelve  or  fifteen  feet  above  the  water 
line,  and  the  terrace  has  quite  distinct  features  in  various 
places. 

The  opening  in  section  30,  mentioned  above,  and  one  in  the 
northwest  comer  of  section  21  of  the  same  township  would 
seem  to  be  of  morainic  origin.  Openings  which  are  located  in 
southwest  21,  northeast  16,  and  northwest  12,  Floyd  township, 
and  in  northeast  7  and  northwest  9  of  Franklin  township  ap- 
pear to  be  in  the  gravel  train. 

Along  the  Little  Floyd  southeast  of  Sheldon,  somewhat  sim- 
ilar gravels  are  exposed.  A  deposit  reported  by  the  owner 
as  being  twenty  feet  deep  occurs  in  northwest  31,  Franklin 
township.  Near  the  place  where  the  gravel  is  exposed  fifty 
or  sixty  acres  may  prove  productive.  Various  other  gravel 
exposures  may  be  seen  along  the  Little  Floyd.  These  have 
been  observed  in  northwest  1,  southwest  3,  northwest  8,  and 
middle  6  of  Carroll  township.  In  all  of  these  places  the  ma- 
terial is  fine  gravel  and  sand,  and  is  quite  clean  and  free  from 
iron  stain. 
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Along  Mill  creek  there  is  a  low  terrace  ten  or  twelve  feet 
above  water  all  the  way  from  southeast  Summit  township  to 
the  county  line.  The  width  of  this  bench  varies  from  a  hun- 
dred to  as  much  as  a  thousand  feet  and  in  one  or  two  places 
noted  the  width  ran  up  to  a  mile  or  more.  As  far  south  as 
Paullina  the  openings  in  the  terrace  are  very  superficial,  and 
no  good  section  is  visible  without  digging.  In  south  22,  Dale 
township,  is  a  good  exposure  in  a  bend  of  Dry  river.  The  top 
of  the  terrace  here  is  about  twelve  feet  above  water,  and  doubt- 
less corresponds  to  that  along  Mill  creek.  In  section  22,  Dry 
run  has  gouged  into  its  bank  and  uncovered  about  four  feet 
of  fine  to  medium  gravel  with  streaks  of  sand  interbanded. 
Several  minor  exposures  a  foot  or  so  in  depth  along  Mill  creek 
show  material  very  similar  to  this,  and  it  is  probable  that  the 
section  described  above  is  typical  for  the  whole  terrace. 

In  section  3,  Union  township,  along  the  road  east  of  Paullina, 
is  an  open  pit  from  which  the  town  obtains  its  supply.  The  top 
three  feet  shows  excellent  fine  gravel,  clean  and  sharp,  in  which 
banding  is  evident,  but  not  prominent.  Below  this  are  about 
eight  feet  of  clean  sharp  sand,  in  which  stratification  and  cross- 
bedding  are  conspicuous.  Along  the  creek  there  are  several 
places  where  virtually  the  same  section  may  be  seen.  Two  prom- 
inent ones  are  two  or  three  hundred  feet  north  of  the  pit  men- 
tioned, and  a  short  distance  southeast  of  the  bridge  on  the  line 
between  sections  3  and  10.  In  the  road  on  the  east  line  of  sec- 
tion 33,  Dale  township,  and  just  south  of  the  road  on  the  east 
side  of  the  stream  in  northwest  section  3  of  Union  township, 
very  similar  gravel  can  be  seen. 

The  largest  piece  of  terrace  along  the  creek  is  located  on  the 
east  side  of  the  stream  near  the  middle  of  section  28,  Union 
township.  At  this  place  the  bench  is  about  a  quarter  of  a  mile 
wide.  The  creek  has  cut  into  it  and  exposed  the  following 
section : 


Loess  and  soil  10-12 

Gravel  and  fine  sand,  mixed 10 

Coarse  sand  and  some  fine  gravel 7 

Sand,  fine  and  clean 10 
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There  are  fifty  acres  or  more  in  this  terrace  through  section 
28,  which  it  seems  will  rmi  fifteen  to  twenty  feet  deep  in  gravel. 
The  depth  of  cover  varies  largely,  the  upper  limit  being  up  to 
fifteen  feet.  This  terrace  could  readily  be  opened  on  a  large 
scale.  A  spur  track  from  Paullina  would  afford  a  ready  means 
of  access  and  would  not  be  a  difficult  engineering  feat  to  accom- 
plish. 

Through  sections  33  and  34  of  Union  township  there  are  rem- 
nants of  the  terrace  all  along  the  river,  but  they  are  small  and 
not  continuous.  It  is  highly  probable  that  there  is  gravel  and 
sand  in  all  of  these. 

A  description  has  been  given  previously  of  an  opening  of 
gravel  along  Dry  run  in  section  22  of  Dale  township.  On  the 
south  side  of  the  stream  here  there  is  another  higher  terrace 
rising  ten  or  twelve  feet  above  the  one  in  which  the  former 
mentioned  exposure  occurs.  This  upper  terrace  has  been  opened 
and  sand  and  gravel  from  it  are  being  used  in  the  neighborhood. 
There  are  exposed  here  some  eight  feet  of  coarse  and  fine  gravel 
intermixed,  the  whole  being  much  iron-stained.  The  cover  at 
the  open  face  is  one  to  two  feet  of  pebbly  soil,  but  this  apparently 
deepens  back  into  the  hill.  These  gravels  are  not  at  all  the  same 
as  the  ones  in  the  bend  of  the  creek  farther  west  as  described 
heretofore.  They  are  much  older,  much  coarser,  and  only 
roughly  stratified.  A  distinct  band  about  six  feet  from  the  top 
separates  the  materials  into  two  zones;  the  lower  one  coarse  and 
apparently  laid  down  by  water  having  a  high  velocity,  and  the 
upper  noticeably  finer,  as  though  the  velocity  had  been  greatly 
reduced.  This  upper  terrace  can  be  distinctly  made  out  as  far 
as  the  northeast  corner  of  section  23,  above  which  point  it  be- 
comes indistinct  and  blends  with  the  upland. 

At  the  few  places  where  the  lower  light  colored  gravel  and 
sand  was  found  in  sections  28,  27,  23  and  13  of  Dale  township, 
and  at  two  or  three  other  points  along  Dry  run,  they  had  been 
gouged  into  by  the  stream  in  its  present  flood  plain  and  were  cov- 
ered by  alluvium  up  to  eight  or  ten  feet  in  depth.  The  older 
iron-stained  gravels,  as  noted  principally  on  the  south  side  of 
the  creek  in  sections  27  and  26,  occur  in  a  conspicuous  terrace 
above  these  lighter  materials.    This  upper  terrace  is  very  promi- 
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^^nt  on  the  south  side  of  the  creek  throughout  sections  27,  26  and 
^'    bxit  is  ahnost  indistingnishable  on  the  north  side.    After 
.^^ssijig  into  section  13  that  portion  of  it  on  the  south  side  loses 
^  i<3 entity,  as  it  also  does  as  it  passes  into  section  28.    In  the 
^tixuvest  part  of  the  latter  section  the  lower,  lighter  colored 
^^^'^^Is  form  the  terrace,  and  continue  to  be  the  bench  mate- 
on  down  south  and  east  of  Paullina. 


.^^-T 


4^J^    :ffew  small  exposures  of  gravel  and  sand  may  be  seen  along 
^:^^^    creek  in  the  northwest  portion  of  Union  township,  but  these 
^:mall  and  not  at  all  important. 

^^^         ^ng  Nelson  and  Willow  creeks  are  low  terraces -which  have 

/J^^^^^     opened  in  a  few  places.    The  one  along  Willow  creek  is 

^^^  «ps  the  most  prominent  and  is  quite  continuous  up  the  creek 

^^^tion  20  of  Liberty  township,  in  which  it  loses  its  identity 

terrace.    Above  this  point  the  creek  flows  through  a  valley 

gently  sloping  sides. 

Along  Waterman  creek  the  terraces  which  have  been  noted 
along  the  other  streams  are  absent.    The  topography  of  the 
stream  is  erosional.     Gravels  are  exposed  and  used  at  many 
points,  especially  from  hilltops  bounding  the  valleys.    Likewise 
toward  the  head  waters  of  many  of  its  branches  extensive  beds 
of  sand  and  gravel  overlying  the  drift  and  with  loess  covering 
are  common.    Of  this  stream,  Prof.  I.  A.  Williams  says,  **  Along 
the  Waterman  a  drift  terrace  appears  some  twenty  feet  above 
the  stream.    It  is  usually  capped  with  coarse  gravel  which  is 
seldom  thick  enough  to  be  important.    The  drift  itself  is  often 
very  gravelly  and  makes  good  roads.     Gravels  are,  however, 
distributed  often  in  heavy  beds  in  the  flood  plains  of  these 
streams.   All  of  these  streams  are  vigorous,  and  local  beds  may 
be  found  in  the  channels  and  exposures  in  convex  sides  of  curves 
in  the  stream  channel.    These  beds  are  often  beneath  heavy  al- 
luvium, but  nevertheless  are  ample  and  of  great  value  locally.*' 
The  hilltop  gravels  mentioned  by  Williams  may  be  seen  in 
northwest  3,  Waterman  township,  in  the  road  between  sections 
27  and  34,  Grant,  and  at  many  other  points  northward  to  the 
pits  northwest  of  Hartley  that  supply  that  town. 

As  Sutherland  is  approached  from  the  east,  gravelly  knobs 
and  benches  appear  along  Murray  creek  in  sections  16  and  17, 
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Waterman  township.  In  southwest  8  and  in  section  7,  east  and 
northeast  of  town,  a  bed  of  clean,  fine  gravel,  fit  for  cement 
work,  underlies  considerable  areas  along  the  small  streams. 
Pits  are  open  along  the  road  in  the  east  half  of  section  7  and  in 
the  edge  of  town. 

Drift  Gravels. — The  town  of  Calumet  obtains  its  supply  of 
sand  and  gravel  from  a  huge  knoll  at  the  northwest  comer  of 
section  22,  Liberty  township.  The  top  of  this  knoll  rises  fifty 
feet  or  more  above  the  surrounding  country,  and  seems  to  be 
practically  all  gravel.  Where  it  has  been  opened  on  the  north 
side  there  is  a  foot  or  so  of  very  dirty  gravel,  or  very  gravelly 
dirt  underlain  by  gravel  and  sand.  The  latter  is  coarse  above 
and  grades  into  finer  below.  The  thickness  varies  from  five  to 
eight  feet.  Below  this  is  a  layer  of  fine,  clayey,  iron-stained 
sand  varying  in  thickness  from  one  up  to  five  or  six  feet,  resting 
upon  four  feet  of  very  coarse  gravel.  This  latter  is  much  iron- 
stained  and  so  firmly  cemented  as  to  be  almost  a  conglomerate. 
Underlying  this  coarse  gravel  is  a  fine  gravel  which  is  very 
markedly  cross-bedded,  the  beds  lying  at  an  angle  of  about  30". 
There  are  perhaps  ten  feet  of  this  below  the  coarse  gravel.  The 
lower  fine  gravel  has  the  appearance  of  being  markedly  older 
than  the  materials  lying  upon  it.  Above  the  upper  line  of  the 
former  there  are  thin  streaks  of  sand  here  and  there  which  are 
absent  below.  The  lower  portion  is  more  deeply  iron-stained 
than  that  above.  This  knoll  is  in  a  ridge  which  runs  in  a  general 
northwester Iv  direction  and  has  all  the  characteristics  of  a 
moraine.  To  the  west  the  surface  is  quite  flat  and  rolling  for  a 
considerable  distance;  to  the  east  the  country  continues  hilly 
for  a  few  miles. 

Reworked  Materials. — Sand  and  gravel  bars  of  greater  or  less 
extent  are  present  in  practically  all  the  streams  of  O'Brien 
county.  These  bars  are,  however,  of  little  importance  from  a 
commercial  standpoint.  They  are  utilized  in  several  places  as  a 
source  of  local  supply  where  the  terrace  materials  are  not  read- 
ily available. 
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OSCEOLA  COUNTY. 
Sand  and  Osavel. 

The  deposits  of  sand  and  gravel  in  Osceola  county  are  from 
a  geological  standpoint  practically  all  of  one  kind,  viz.,  outwash 
gravels  from  the  Wisconsin  glacier.  These  deposits  occur  along 
the  present  streams,  in  the  channels  of  ancient  streams  which 
are  now  recognizable  as  such  only  to  the  trained  geologist,  and 
as  upland  deposits  laid  down  by  the  ice. 

Prof.  T.  H.  Macbride,  in  his  report*  on  this  region  in  1900, 
has  the  following  to  say  in  regard  to  the  origin  of  these  gravels : 

The  terrace  or  gravel  deposits  *  *  *  are  all  laid  down 
with  uniformity  more  or  less  pronounced,  are  all  stratified,  their 
materials  assorted,  arranged  and  re-arranged  as  by  aqueous 
agency.  The  materials  besides  are  all  water-worn  and  their  pe- 
culiar distribution,  as  we  shall  presently  see,  can  lead  to  no  con- 
clusion other  than  that  these  deposits  were  laid  down  as  the 
debris  of  former  streams  whose  channels  even  yet  may  here  and 
there  be  noticed,  and  measured  by  the  islands  and  sand  bars 
they  have  left  behind.  These  streams  were  glacial  streams ;  they 
were  coincident  with  the  final  retreat  of  what  we  have  been  call- 
ing the  Wisconsin  sheet  when  it  had,  in  this  region  at  least,  been 
for  many  years  reduced  to  no  more  than  a  series  of  gigantic 
glaciers  lying  in  the  constructional  valleys  of  which  mention 
has  been  made.  As  every  one  knows  who  has  watched  the  be- 
havior of  even  the  smallest  streamlet,  the  finer  materials  are 
always  swept  away,  deposited  far  down  the  stream,  while  sands 
and  gravels  are  piled  up  in  regular  order  wherever  the  valley 
widens  or  the  current  becomes  in  any  locality  for  any  reason  less 
eflScient.  The  streams  that  accumulated  Milford  sands  (a  de- 
posit in  Dickinson  county  analogous  to  those  in  Osceola)  seem 
to  me  to  have  been  possibly,  in  part  at  least,  superglacial 
streams;  they  passed  along  on  top  of  the  ice.  No  streams  in 
volume  adequate  to  the  effect  could  have  passed  down  the  valley 
of  the  *' outlet"  without  showing  more  characteristic  signs  of 
erosion  than  now  appear.  But  the  deposits  in  question  begin 
near  the  mouth  of  the  outlet  as  if  at  the  time  of  their  deposition 
a  glacier  lay  in  all  the  valley  occupied  by  the  present  lakes,  ex- 
tending even  far  down  the  outlet.  Over  this  icy  mass  swept 
down  the  stream  or  streams  that  brought  in  part  at  least  the  de- 
bris that  fills  the  Milford  valley.  It  may  be  remembered  in  this 
connection  that  glacial  ice,  especially  morainic  or  marginal  ice, 
is  seldom  pure ;  it  is  often  covered  with  morainic  materials  filled 

•Iowa  Geological  Survey,  Vol.  X,  p.  221. 
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with  sand  bowlders  and  the  gathered  accumulations  derived 
from  the  surface  of  its  transit.  It  is  difficult  on  any  other  theory 
to  account  for  the  distribution  of  the  deposits  which  seem  in 
other  places  to  represent  the  formation  now  considered — ^for 
they  are  scattered  over  our  entire  area,  often,  generally,  far 
above  the  course  of  any  present  drainage  system,  entirely  out 
of  reach  of  any  recent  waters.  Yet  they  are  all  water-laid,  strati- 
fied, cross-bedded  even,  in  unmistakable  fashion.  In  Osceola  we 
have  the  great  Ocheyedan  mound,  not  to  speak  of  others,  the 
upper  part  of  which,  150  to  170  feet  above  the  present  stream, 
is  made  up  of  stratified  sands  and  gravel.  More  remarkable 
still  is  the  great  pile  of  such  debris  which  forms  the  famous 
Sibley  gravel  pit.  Here  is  a  deposit  twenty  or  thirty  feet  in 
thickness  far  away  from  any  present  water  diannel,  but  plainly 
of  water-laid  materials,  resting  unmistakably  upon  the  uneven 
surface  of  the  Wisconsin  drift,  *  *  *  the  only  explanation 
of  the  gravel  pit  is  to  be  found  in  the  carrying  power  of  some 
broad  drainage  current  flowing  across  the  Allendorf  moraine 
to  find  its  outlet  in  the  broader  valley  of  Otter  creek  as  it  widens 
a  mile  or  two  southeast  of  Sibley. 

Of  the  outwash  gravels  mentioned  by  Macbride,  several  ex- 
posures may  be  seen  in  the  vicinity  of  Sibley.  Just  at  the  east- 
em  edge  of  that  town  are  two  open  pits,  one  being  worked  by 
the  city  and  the  other  by  the  railroad.  In  the  city  pit  about  fif- 
teen feet  of  gravel  are  exposed  under  two  feet  of  cover.  The 
top  is  coarse,  very  much  iron-stained  gravel,  varying  in  depth 
from  three  to  six  feet.  Below  this  is  interbanded  gravel  and 
sand.  The  gravel  is  mostly  fine,  with  here  and  there  a  streak  of 
pebbles  up  to  four  or  five  inches  in  diameter.  Stratification  is 
quite  distinct,  but  there  is  no  cross-bedding.  Up  to  ten  feet  of 
this  latter  are  exposed.  This  material  is  on  the  whole  clean  and 
sharp,  but  there  is  a  slight  iron-stain  noticeable  throughout.  The 
bottom  four  feet  exposed  is  coarse,  iron-stained  gravel,  having 
pebbles  up  to  three  and  four  inches  in  diameter.  Perhaps  fif- 
teen acres  of  the  city's  property  will  still  yield  the  full  depth  of 
gravel  as  exposed,  and  to  the  west  several  acres  more,  which  are 
plotted  as  city  lots,  would  doubtless  yield  the  same  material. 

In  the  railroad  pit,  south  of  that  owned  by  the  city,  the  same 
section  is  exposed,  the  cover  here  being  perhaps  a  little  deeper. 
In  the  ''forty"  in  which  this  is  located,  perhaps  fifteen  acres 
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more  are  available.  On  the  west  and  south  of  these  property 
lines  a  total  of  twenty-five  or  thirty  acres  are  probably  xmder- 
lain  by  the  same  gravels,  some  eight  or  ten  acres  of  which  are 
now  plotted  in  town  lots. 

The  Bock  Island  Bailway  has  a  pit  near  the  northeast  comer 
of  section  30,  East  Holman  township.  About  twenty  feet  are 
open  to  view  here  under  five  or  six  feet  of  cover.  This  is  practi- 
cally the  same  material  as  shown  in  the  city  pit  at  Sibley.  South 
and  west  of  this  opening  is  a  flat  area  some  sixty  acres  or  more 
in  extent,  all  of  which  is  probably  underlain  by  gravel. 

Other  minor  exposures  are  reported  in  various  places  over  the 
territory  between  Sibley,  Allendorf  and  Gopher.  These  seem  to 
bear  out  the  truth  of  the  theory  of  Macbride  stated  previously. 
It  is  highly  probable  that  gravel  under  varying  amounts  of  cover 
might  be  foulud  over  an  area  of  fifty  or  sixty  square  miles  east 
and  southeast  of  Sibley.  Sufficient  material  for  road  surfacing 
and  concrete  work  in  this  area  are  apt  to  be  found  within  a  short 
distance  of  where  it  is  needed  if  a  little  careful  prospecting  is 
done. 

Along  Otter  creek  in  the  southwest  portion  of  the  county  many 
evidences  of  the  gravel  bench  formed  by  the  flood  waters  from 
the  melting  glacier  may  be  seen.  Between  Ashton  and  Bitter 
the  terrace  is  especially  prominent,  and  several  openings  show 
the  quality  of  the  materials.  In  southeast  21  of  Oilman  town- 
ship is  a  small  open  pit.  This  shows  a  face  of  seven  or  eight 
feet  consisting  of  fairly  coarse  gravel  at  the  top  and  grading  into 
finer  materials  below.  There  is  practically  no  stripping,  and 
the  whole  is  slightly  iron-stained.  This  material  has  nearly  all 
the  characteristics  of  the  sections  exposed  at  Sibley.  Through 
sections  21,  28  and  29  of  Oilman  township  the  portions  of  the 
terrace  which  give  promise  of  yielding  gravel  will  aggregate  in 
the  neighborhood  of  150  acres.  There  are  some  promising  op- 
portunities for  commercial  development  here,  as  this  section  is 
easily  accessible  by  railroad.  This  same  bench  seems  to  con- 
tinue on  down  the  creek  and  into  O'Brien  and  Sioux  counties. 
Several  small  openings  in  shallow  road  cuts  and  in  the  stream 
show  the  presence  of  gravel  all  the  way.    Detailed  prospecting 
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would  probably  demonstrate  the  accessibility  of  enormous  quan- 
tities. 

There  is  no  doubt  that  Ocheyedan  river  was  an  outlet  for  large 
quantities  of  water  flowing  away  from  the  Wisconsin  glacier.  It 
flows  through  a  broad  flat  plain  which  in  places  exceeds  a  mile 
in  width,  and  is  bordered  on  both  sides  by  morainal  hills.  At 
many  places  there  are  slight  elevations  above  the  general  level, 
evidently  islands  and  sand  bars  in  the  old  channel.  In  many 
places  where  the  roads  cross  these  old  bars,  notably  on  the  lines 
between  sections  14  and  15,  and  14  and  23,  Ocheyedan  township, 
the  slight  veneer  of  alluvium  has  been  dissected  and  a  gravel 
surface  is  exposed.  On  many  of  these  bars  the  cover  is  very 
slight,  and  gravel  and  sand  in  amounts  sufficient  for  use  on  roads 
and  in  concrete  work  within  a  few  miles  can  be  obtained  with 
but  little  trouble  and  expense. 

In  the  channel  proper  of  the  old  stream  the  gravels  are  more 
deeply  buried.  This  covering  is  largely  alluvium,  probably  de- 
posited for  the  most  part  by  the  old  stream  when  its  original 
flood  had  subsided  and  the  velocity  of  its  waters  had  become 
greatly  reduced.  It  was  ascertained,  largely  through  inquiry, 
that  practically  every  well  in  the  whole  river  bottom  through- 
out the  county  south  of  Ocheyedan  is  in  gravel.  Ditches  and  ex- 
cavations of  all  sorts  strike  the  gravel  horizon  at  depths  vary- 
ing from  two  or  three  up  to  eight  or  ten  feet.  Six  to  seven  feet 
seems  to  be  a  good  average  depth  for  the  river  plain  proper. 
Natural  openings  of  these  gravels  are  rare,  but  in  a  few  in- 
stances they  may  be  seen  in  bends  in  the  stream.  Where  the 
present  river  channel  has  been  straightened  in  sections  26  and 
35,  Ocheyedan  township,  the  material  removed  from  the  channel 
shows  unmistakable  evidence  of  the  presence  of  gravel. 

Little  Ocheyedan  river  is  skirted  by  a  low  terrace  which  fur- 
nishes a  good  supply  of  road  material  after  the  removal  of  two 
feet  or  so  of  alluvium.  This  may  be  seen  on  the  west  and  south 
sides  of  section  33,  Ocheyedan  township,  and  at  occasional  other 
points  up  and  down  the  stream.  The  most  important  source  of 
gravel  along  this  stream  is  a  bed  exposed  in  its  lower  course 
twenty  to  twenty-five  feet  above  the  water.    Gravels  occur  on 
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the  tops  of  low  flat  hills  bordering  the  valley  and  often,  as  in 
north  section  10,  south  section  13  and  also  in  sections  23  and  24, 
Baker  township,  as  a  marked  flat  terrace.  The  gravels  rest  on 
yellow  bowlder  clay  and  vary  in  the  outcrops  seen  from  a  very 
gravelly  till  to  well-sorted  material.  The  gravels  are  prevail- 
ingly dirty,  but  make  good  road  materials  when  the  larger  bowl- 
ders are  excluded  or  crushed.  Pits  are  opened  in  southeast  sec- 
tion 15,  Baker  township.  The  gravels  continue  to  the  Ocheyedan 
valley,  where  they  are  conspicuous  in  sections  20,  28  and  29  of 
Harrison  township. 

Kame  Gravels. — In  the  vicinity  of  Ocheyedan  are  several 
mounds  or  knobs  which  stand  out  prominently  above  the  general 
level  of  the  country.  By  far  the  largest  and  highest  of  these  is 
Ocheyedan  Mound,  located  at  the  southwest  corner  of  section  12, 
Ocheyedan  township.  This  mound  rises  some  150  feet  or  more 
above  the  river  to  the  west,  and  is  a  conspicuous  landmark  for 
miles  around.  There  are  two  openings  for  gravel  on  this  mound, 
one  at  the  crest  and  the  other  on  the  north  side  some  fifty  feet 
lower.    These  openings  show  well-sorted  material,  varying  all 

the  way  from  six-inch  cobbles  to  fine  sand.  These  gravels  are 
so  variable  in  a  short  space  that  predictions  as  to  depth  can  not 
be  made  with  any  degree  of  confidence. 

The  town  of  Ocheyedan  obtains  its  supply  of  gravel  and  sand 
from  pits  in  similar,  but  much  smaller  mounds  in  sections  3,  4 
and  5  west  of  town.  On  one  of  these,  beside  the  road  between 
sections  4  and  5,  is  an  open  pit  from  which  a  considerable  amount 
of  material  has  been  removed.  There  are  some  fifteen  feet  of 
dirty,  iron-stained  unassorted  gravels  here. 

Northeast  of  town  near  Rush  lake  are  similar  hillocks.  One 
of  these  at  the  southwest  corner  of  the  lake  shows  interbedded 
sand  and  gravel  under  two  feet  or  so  of  soil.  The  bedding  is 
parallel  to  the  surface  of  the  mound. 


e04  ROAD  AND  CONCRETE  MATERIALS  IN  IOWA 

page  countt. 
Sard  and  Gravel. 

Only  stream  ^avel  and  sand  are  available  in  Page  county, 
and  the  materials  found  here  are  suitable  for  only  low  grade 
work.  The  largest  pits  are  located  on  the  sonth  bank  of  the 
East  Nishnabotna  in  sections  7  and  8,*Grant  township.  Similar 
materials  are  also  obtained  from  a  small  stream  in  section  12, 
Harlan  township.  Platte  river  sand  and  gravel  are  generally 
used  for  all  work  of  any  importance. 

Burnt  clay  is  mentioned  as  a  possible  road  material,  and  this 
county  coald  famish  an  abundance  of  gumbo  clay  suitable  for 
the  purpose. 

The  strata  belonging  to  the  Missouri  stage  in  Page  counly 
are  composed  very  largely  of  argillaceous  beds,  varying  from 
typical  shale  to  marly  clays,  and  clayey  limestones.  Relatively 
thin  beds  of  limestone  are  found  in  most  exposures,  alternating 
with  much  thicker  beds  of  shale  to  suoh  an  extent  as  to  make 
economical  quarrying  of  the  limestone  impossible. 


Fio.  E2 — Bxpoaure  of  the  Forbes  limestone  near  Hnwleyville,  Pase  county. 
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Two  distinct  horizons  of  Missouri  limestone  strata  are  ex- 
posed in  the  comity,  one  along  the  East  and  West  Nodaways, 
and  the  other  principally  along  Middle  Tarkio  river.  Strati- 
graphically  the  latter  come  above  the  beds  exposed  on  the  Noda- 
way rivers,  and  are  considered  by  Calvin  to  be  the  equivalents 
of  the  limestones  quarried  at  Stennett  in  Montgomery  and  near 
Macedonia  in  Pottawattamie  counties. 

Limestone  has  been  quarried  at  Coin  in  the  southern  part  of 
Lincoln  township,  and  the  same  strata  have  been  worked  at  in- 
tervals along  the  Middle  Tarkio  to  the  north  line  of  the  county. 
Li  most  places  the  outcropping  ledges  are  displaced  and  weath- 
ered, and  a  section  of  any  considerable  thickness  is  seldom  seen. 

A  new  quarry  opening  on  the  farm  of  Mr.  Bums  near  the 
southeast  comer  of  the  southwest  quarter  of  section  22,  Tarkio 
township,  affords  the  following  section : 


5.    Drift  10 

4.    PuBulina  limeBtone 1 

3.  Yellow  Bhale  4 

2.  Limestone,   soft,   yellow ^^ 

1.  Blue,  fine-grained,  hard  limestone,  breaking  at  right  angles 

to  bedding  planes  into  excellent  blocks  for  building  pur- 
poses. Fossiliferous,  and  contains  occasional  sphalerite 
grains    IJ/S 

Professor  Calvin*  gives  a  composite  section  from  a  number 
of  openings  in  this  same  region  and  in  section  27,  which  includes 
the  following  members,  coming  below  those  just  given : 

FEET. 

4.  Shale  12 

3.  Limestone,  soft,  but  of  fair  quality 1% 

2.  Shale  3% 

1.    Limestone    2 

Number  1  is  an  excellent  stone  for  a  variety  of  purposes  and 
is  the  ledge  chiefly  sought  in  all  of  the  quarries.  It  is  durable 
and  the  most  important  building  stone  in  the  county. 

The  next  good  exposure  is  to  be  seen  in  section  18,  Douglas 
township,  on  a  small  tributary  to  the  Tarkio : 

•Geology  of  Page  county,  Iowa  Geological  Survey,  Vol.  XI,  p.  430. 
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FEET. 

5,  Drift,  maximuni  of , 20 

4.  B^sullna  limestone  cap  above  quarry  ledge ^ 

3.  "Blue  ledge"  limestone.  No.  1  of  Burns'  quarry  section 1-f 

2.  Calcareous  and  fossiliferous  bluish  shale 7 

1.  Yellow,  marly  clay,  apparently  weathered  limestone 1% 

As  stated,  the  ''blue  ledge''  is  the  one  sought  at  all  of  the  nu- 
merous  small  quarries  along  the  Tarkio,  the  associated  strata 
being  almost  imiversally  of  too  incoherent  a  nature  to  be  of 
value  for  building  purposes.  This  ledge  lies  about  eight  feet 
above  the  water  in  the  Douglas  township  exposures  while  in 
Tarkio  and  Lincoln  townships  it  appears  twenty  to  thirty  feet 
above  the  stream.  Although  it  crops  out  in  both  sides  of  the  val- 
ley at  intervals  for  miles,  the  heavy  drift  covering  and  its  asso- 
ciation with  worthless  argillaceous  beds  that  require  removal, 
render  very  limited  in  extent  the  quarrying  possible  at  any  one 
point.  From  the  natural  outcrop  it  is  seldom  possible,  with  the 
present  hand  methods  of  quarrying,  to  work  back  over  twenty 
feet  before  the  overburden  becomes  too  heavy.  Locally,  how- 
ever, this  stone  has  been  and  will  continue  to  be  a  very  valuable 
resource  to  the  county. 

On  a  small  branch  of  the  East  Nodaway,  three-quarters  of  a 
mile  above  Hawleyville  in  Nebraska  township,  there  is  an  expo- 
sure of  some  magnitude,  composed  of  strata  which  lie,  geolog- 
ically, below  the  Tarkio  beds.  The  section  comprises  alternating 
bands  of  calcareous  and  argillaceous  material.  The  individual 
members  are  seldom  more  than  a  foot  in  thickness,  and  it  is  not 
probable  that  any  of  them  will  ever  i)ossess  more  than  a  very 
limited  local  value  for  building  purposes.  Similar  beds  are  ex- 
posed below  the  mill  at  Braddyville  in  section  31,  Buchanan 
township.  At  both  localities  the  Missouri  beds  are  overlain  by 
heavy  deposits  of  loess  and  drift. 

PALO  ALTO  COUNTY. 
Sand  and  Gravel. 

The  sand  and  gravel  deposits  of  Palo  Alto  county  seem  to  be- 
long to  two  horizons,  geologically  speaking,  viz.,  the  outwash 
materials  from  the  Wisconsin  glacier,  and  those  derived  from 
the  Kansan  drift,  known  in  Iowa  as  Buchanan. 
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The  discussion  by  Mr.  T.  H.  Macbride  in  Volume  XV  of  the 
reports  of  the  Iowa  Geological  Survey,  sheds  a  considerable 
amount  of  light  on  these  deposits,  and  is  worthy  of  at  least  par- 
tial quotation  here.  The  part  of  his  report  which  deals  with 
the  origin  of  these  sands  and  gravels  is  quoted  almost  ver- 
batim. 

Wisconsin  Gravels. — Stream  Terraces. — The  deposits  so 
named  are  the  immediate  effect  of  the  outpouriing  of  the  waters 
accompanying  the  melting  and  retreat  of  the  Wisconsin  ice.  As 
the  face  of  the  ice  cliff  moved  northward  the  floods  of  water 
seem  to  have  covered  the  country  and  the  gravel  and  sand  with 
which  the  streams  were  charged  were  deposited  everywhere; 
especially,  of  course,  in  the  forming  valleys  and  channels  of 
drainage.  Sometimes  these  channels  were  no  doubt  on  or  in 
the  ice  itself  so  that  gravel  deposits  may,  and  often  do,  now  ap- 
pear far  out  of  the  way  of  any  present  drainage  system  of  any 
sort  whatever;  in  isolated  mounds,  on  the  flanks  of  hills,  in  low 
ridges  athwart  what  were  otherwise  a  level  plain.  The  valley- 
plain  of  West  Des  Moines  river  is  a  gravel  plain,  all  gravel  of 
varying  depth  and  width,  from  the  Minnesota  line  or  near  it 
south  to  Humboldt  county.  The  present  stream  is  as  nothing 
when  compared  to  that  earlier  river.  Des  Moines  river  in  the 
year  of  1903  is  described  as  high  beyond  the  previous  experience 
of  observers,  and  yet  it  by  no  means  covers  this  gravel  plain. 
The  present  stream  has  its  own  flood  plain  which  in  times  of 
freshet  it  may  cover  or  erode,  but  this  old-time  valley  owns  no 
relationship  to  the  present  river.  One  might  suppose  that  the 
action  of  the  earlier,  larger  current  continued  not  very  long, 
but  we  must  reflect  that  the  erosion  force  in  this,  its  upper  chan- 
nel, was  limited  by  the  work  that  must  be  done  farther  south 
and  east,  where  the  indurated  Paleozoic  formations  were  en- 
countered and  set  bars  to  the  agents  of  erosion  as  at  this  day. 
The  result  is  that  the  gravels  of  that  older  river  lie  in  these 
upper  stretches  largely  undisturbed,  slow-mouldering  with  the 
lapse  of  centuries. 

When  we  come  to  investigate  the  composition  of  the  gravel 
trains  we  discover,  first  of  all,  the  evidence  of  the  mode  of  their 
deposition.  No  better  sections  need  be  wished  of  the  entire  de- 
posit than  those  encountered  at  Estherville,  in  Emmet  county. 
Here  one  may  easily  see  the  sorting  and  cross-bedding  resultant 
from  the  water-currents  that  once  swept  the  stony  debris  on 
and  down.    But  the  materials  themselves  are  of  every  imagin- 
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able  source,  i.  e.,  one  may  find  samples  of  rock  of  almost  every 
description  and  of  all  sizes  from  merest  pebbles  to  stones  weigh- 
ing, hundreds  of  pounds.  Some  of  these  pebbles  are  of  great  age 
as  suoh  and  have  long  been  buried,  subject  to  the  slow  action  of 
waters,  filtering,  bearing  all  sorts  of  solvents  in  solution.  Such 
pebbles  no  longer  hold  together  as  rock  at  all,  but  crumble  no 
sooner  exposed  to  light  and  dryness,  and  may  be  picked  from 
the  bank  and  crushed  in  the  fingers.  Through  large  gray  bowl- 
ders the  steam  shovel  passes  as  through  sand.  Such  sections 
may  be  commonly  observed.  These  were  doubtless,  some  of 
them  already  long  constituent  parts  of  the  older  Buchanan 
gravels  which  the  Wisconsin  ice  in  these  latitudes  so  generally 
swept  away.  Possibly  the  larger  part  of  these  vast  recent  de- 
posits consists  of  but  a  resorting  of  those  older  piles  and  trains 
laid  down  by  the  waters  of  the  Kansan  so  long  ago. 

Buchanan  Gravels.— FerhsL^s  some  of  the  earlier  gravel,  even 
in  these  river  valleys  still  lies  in  place  here  on  the  blue  clay  that 
stretches  everywhere  beneath  all  surface  deposits  in  these  re- 
gions. Thus  if  anyone  will  closely  scan  the  exposed  wall  of  the 
gravel  in  the  excavations  south  of  Estherville,  he  will  easily 
discover  that  the  lower  portions  of  the  exposure  are  different, 
strikingly  different,  from  the  upper  overlying  part.  Above, 
the  gravel  is  more  loose,  fresher  and  evidently  more  recent, 
judging  from  appearance;  below,  the  material  is  imperfectly 
stratified,  often  stained  with  iron,  deep  brown  sometimes,  the 
pebbles  and  bowlders  more  or  less  cemented  together  and  asso- 
dated  with  concretionary  nodules  of  impure  hematite  (FejOs). 
The  line  of  demarcation  is  not  well  defined,  but  is  sometimes 
quite  evident.  One  is  inevitably  led  to  conclude  that  the  lower 
gravels  are  here  older  than  the  upper. 

However  we  may  name  these  lower  gravel  strata,  the  wide 
distribution  of  the  Wisconsin  subwash  and  overwash  is  indis- 
putable. Not  only  by  the  river,  but  far  away  from  streams 
now  flowing  or  even  the  possibility  of  streams,  piles  of  water- 
laid  sand  and  gravel  surprise  the  traveler.  In  many  cases 
these  gravel  deposits  rest  unmistakably  on  the  country  drift, 
so  that  there  can  be  no  question  as  to  their  relative  age.  In- 
deed it  seems  as  if  it  (Buchanan)  may  be  looked  for  almost 
anywhere  as  a  bottom  deposit  of  what  has  been  here  denomi- 
nated the  gravel  plain. 

Observations  which  seem  to  verify  the  statements  of  Mac- 
bride  regarding  the  origin  of  the  sands  and  gravels  may  be 
made  almost  anywhere  along  West  Des  Moines  river  in  Palo 
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^^to    comity.     North  of  Emmetsburg  the  river  plain  is  be- 

^een  one  and  two  miles  in  width  all  the  way  to  the  Emmet 

L^^^^Xlty  line  and  beyond.    The  whole  valley  between  the  sharp 

^^s    which  border  it  on  both  sides  and  rise  some  thirty  feet 


o  ^"^i^^  the  plain,  is  filled  with  sands  and  gravels  deposited  by 

oj^   >nishing  waters  from  the  melting  ice.    Some  two  miles  north 

i^l  ^^^Taettinger,  just  over  the  line  in  Emmet  county,  the  Rock 

4a.|^^^^d  Railway  is  removing  large  quanties  of  the  material  for 

^o^^^.st.     About  twenty  feet  of  gravel  are  exposed  here,  the 

^^      ^eing  fairly  coarse  and  grading  into  finer  below.    The  open 


>^^  exhibits  iron  stain  throughout  its  entire  depth.  A  large 
^^^^^ortion  of  the  pebbles  are  limestone,  with  granites  next  in 
\mportance.    Many  of  the  latter  pebbles  are  badly  weathered 

and  crumble  readily  in  the  fingers.     (See  also  figure  28,  page 

252.) 

Several  minor  openings  between  Graettinger  and  Emmets- 
burg exhibit  the  same  characteristics.  A  small  pit  along  the 
Chicago,  Milwaukee  and  St.  Paul  railway  on  the  east  side 
of  the  river  in  section  26  of  Emmetsburg  township,  reveals 
coarse,  iron-stained,  water-laid  gravels  very  similar  in  appear- 
ance to  the  top  layers  at  the  Graettinger  pit.  In  the  southwest 
edge  of  the  city  of  Emmetsburg,  almost  at  the  edge  of  the 
gravel  plain,  the  Shadbolt  Lumber  Company  has  a  pit  from 
which  gravel  and  sand  for  cement  products  is  being  taken. 
This  pit  is  about  fifteen  feet  deep,  but  the  bottom  ten  feet  are 
under  water  and  the  sands  are  pumped  out.  The  product  of 
this  pit  is  much  finer  than  that  of  any  of  the  openings  previously 
noted,  which  observation  is  in  keeping  with  what  would  be  ex- 
pected when  we  reflect  that  the  current  here  at  the  edge  of  the 
stream  was  in  all  probability  much  slower  than  that  farther  out 
in  the  channel. 

South  of  Emmetsburg  the  general  relations  of  the  stream, 
gravel  plain,  and  bounding  hills  remain  unchanged  except  that 
through  West  Bend  township  the  width  of  the  stream  **  bot- 
toms" is  not  more  than  half  as  wide  as  throughout  the  re- 
mainder of  the  county.  South  of  the  Des  Moines  river  bridge 
on  the  road  between  sections  1,  Great  Oak,  and  6,  Nevada  town- 
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ships,  gravel  very  similar  in  character  to  the  top  layers  at 
Graettinger  may  be  seen  under  two  feet  of  alluvium. 

In  many  places  where  the  river  has  gouged  its  bank  the 
sands  and  gravels  which  underlie  its  whole  plain  may  be  seen. 
As  might  readily  be  expected,  the  cover  of  alluvium  over  the 
gravel  is  deepest  near  the  stream,  thinning  out  back  toward  the 
hills.  Wells  and  other  excavations  all  over  the  river  plain  show 
the  presence  of  gravel  and  sand,  although  there  are  but  few 
open  pits. 

As  previously  noted,  deposits  of  sand  and  gravel  derived 
from  the  Wisconsin  ice  may  be  seen  in  places  entirely  removed 
from  any  of  the  present  lines  of  drainage.  At  Buthven  there  is 
an  abundance  of  this  material  in  the  lowland  west  of  the  city, 
nor  less  on  the  top  of  the  hill  in  the  city  itself  near  the  Min- 
neapolis and  St.  Louis  station.  East  of  Cylinder,  in  Fairfield 
township,  is  also  a  broad  gravel  plain  some  three  or  four  miles 
in  length  and  of  the  outwash  type. 

Reworked  Materials. — Sand  and  gravel  bars  occur  in  the 
streams  of  Palo  Alto  county  the  same  as  in  other  counties  where 
stream  terraces  and  other  deposits  are  prominent.  West  Fork 
of  Des  Moines  rivei:,  by  far  the  most  important  stream  of  the 
county,  has  a  sluggish  current,  and  sand  bars  are  by  no  means 
a  prominent  feature  along  it.  The  same  is  true  of  the  other 
streams.  Cylinder  and  Prairie  creeks  are  typical  prairie 
streams,  such  as  are  common  on  the  Wisconsin  drift  plain. 
Willow  creek  serves  as  an  outlet  to  Silver  lake,  and  is  not 
important  from  a  sand  and  gravel  standpoint. 

MiscellaneoiLS  Deposits. — ^Palo  Alto  county  lies  wholly  within 
the  area  covered  by  the  Des  Moines  lobe  of  the  Wisconsin 
glacier,  and  its  whole  topography  is  characteristic  of  this  for- 
mation. Sand  and  gravel  may  be  found  in  many  of  the  mounds 
and  hillocks  over  its  surface,  especially  in  the  western  portion 
where  the  Altamont  moraine  lies  within  the  borders  of  the 
county.  Perhaps  at  no  one  place  are  these  deposits  of  particu- 
lar importance^  yet  they  serve  a  useful  purpose  in  supplying 
gravel  and  sand  for  local  use  on  the  roads  and  for  concrete  con- 
struction. Careful  prospecting  will  in  all  probability  reveal 
to  the  engineer  or  road  and  bridge  contractor  quantities  suffi- 
cient for  use  within  easy  hauling  distance. 
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PLYMOUTH  COUNTY. 
Sand  and  Gravel. 

The  gravel  and  sand  deposits  of  Plymouth  county  are  of 
two  kinds,  viz.,  a  gravel  train  along  Big  Sioux  river,  and  beds 
underlying  the  loess  and  found  quite  generally  over  the  county. 

Wisconsin  Gravel  Train. — Along  the  Big  Sioux  there  are  evi- 
dences of  a  gravel  train  composed  of  materials  derived 'from 
the  Wisconsin  ice.  This  is,  however,  so  deeply  covered  as  to 
be  seen  only  in  a  few  places.  When  compared  to  the  loess- 
covered  gravels  of  the  county  it  is  not  a  really  important  source 
of  supply. 

Loess-covered  Gravels. — Over  the  whole  of  Plymouth  county 
gravels  underlie  the  loess.  No  one  in  need  of  sand  or  gravel 
seems  to  have  serious  diflficulty  in  finding  it  with  little  search. 
The  depth  of  the  loess  cover  varies  between  quite  wide  limits. 
The  cover  is  sometimes  so  deep  that  the  gravels  have  not  been 
exposed  where  there  is  every  reason  to  believe  that  they  are 
present. 

Just  east  of  Millinerville,  on  the  east  side  of  Broken  Kettle 
creek,  a  good  gravelly  sand  is  obtained  beneath  the  loess  per- 
haps seventy-five  or  eighty  feet  above  the  stream.  Gravel  is 
also  obtained  along  the  creek  flowing  into  Broken  Kettle  at 
this  point. 

In  northeast  section  9,  Sioux  township,  is  an  opening  show- 
ing some  ten  feet  of  gravel  above  the  water  level.  The  cover 
here  consists  of  twelve  to  fifteen  feet  of  loess  and  silty  sand. 
The  upper  three  feet  or  so  of  sand  has  interbanded  silt,  then 
fine  gravel  to  water.  A  pit  in  northeast  section  10  shows  vir- 
tually the  same  material,  with  possibly  a  little  less  cover.  In 
both  of  these  places  the  gravel  seems  to  underlie  large  areas. 

Along  Floyd  river  clear  across  the  county  gravels  can  be 
found  with  little  search,  yet  they  are  seldom  if  ever  exposed: 
The  slopes  to  the  river  are  very  gentle,  and  only  black  alluvial 
material  is  seen  in  the  channel.  At  Seney  a  low  bench  at  the 
north  edge  of  town  furnishes  a  good  supply  of  coarse  graveL 
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Sand  with  gravel  bowlders  is  also  seen  in  the  road  east  of  the 
river  on  the  north  side  of  section  34,  Elgin  township.  This 
is  covered  with  a  thin  veneer  of  loess. 

The  gravel  used  for  sidewalks  in  LeMars  is  taken  from  be- 
neath the  clay  on  the  river  at  the  clay  plant  in  the  northwest 
comer  of  the  city.  The  top  three  and  one-half  feet  are  clean 
fine  gravel  with  little  sand.  The  largest  pebbles  seldom  ex- 
ceed one  inch  in  diameter.  Below,  as  deep  as  can  be  seen, 
is  a  bed  of  fine  white  sand  which  is  said  to  continue  for  an  in- 
definite depth.  Perhaps  six  feet  of  gravel  and  sand  may  be 
had  above  water.  Laterally  the  material  varies  rapidly  be- 
tween clean  and  dirty  streaks  in  the  upper  gravel  especially. 
At  the  west  end  of  the  pit  streaks  and  lenses  of  plastic  sandy 
blue  clay  interbanded  with  the  gravel  make  care  necessary 
in  order  to  get  clean  material. 

At  the  LeMars  Brick  and  Tile  plant  are  five  to  eight  feet 
of  loess  resting  upon  three  and  a  half  feet  of  stratified  gravels. 
Cross-bedding  is  common.  Up  to  five  feet  of  sharp  white  sand 
underlie  the  gravel. 

The  west  fork  of  the  Floyd  flow&  in  a  broad  depression  with 
ill-defined  boundaries,  the  loess  slopes  leading  gently  down  to 
a  very  narrow  flood  plain.  The  benches  are  loess-covered,  but 
no  sand  or  gravel  is  to  be  seen,  even  where  these  benches  are 
dissected  to  considerable  depths.  It  is  possible  that  sand  is 
present  quite  generally  beneath  the  loess  but  the  latter  is  so 
deep  that  it  is  seldom  uncovered.  From  LeMars  south  to 
Sioux  City  gravel  is  not  seen  along  the  river,  but  there  is  a 
possibility  of  its  presence. 

Willow  creek  is  of  no  more  importance  in  Plymouth  than  in 
O'Brien  county,  and  yet  gravels  are  apt  to  be  found  exposed 
or  available  along  it  as  is  the  case  with  the  other  streams.  No 
doubt  a  continuation  of  the  bed  used  northwest  of  LeMars  is 
tapped  along  both  the  Chicago,  Saint  Paul,  Minneapolis  and 
Omaha,  and  Illinois  Central  railways  northeast  of  town,  the 
former  in  northeast  section  9  and  the  latter  in  northeast  10, 
America  township,  south  of  Willow  creek.  As  at  LeMars, 
little  of  the  gravel  is  above  water,  so  it  is  dredged  with  clam- 
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shell  dippers  dropping  from  a  cable.  Each  railway  has  such 
an  equipment.  The  amount  of  stripping  here  is  heavy.  The 
sand  is  shipped  in  considerable  quantity  as  well  as  used  locally, 
and  this  seems  to  be  the  source  of  supply  for  considerable 
territory.    It  is  used  for  cement  blocks  in  LeMars. 

Along  Deep  creek  from  near  LeMars  to  Remsen  gravels  ap- 
pear and  are  used  at  intervals.  They  are  always  beneath  loess, 
Good  sand  is  taken  from  beneath  the  loess  in  section  1,  west 
of  Remsen,  for  use  in  that  town. 

Stratified  beds  may  be  seen  near  the  Remsen  city  dump  in 
section  6  of  Remsen  township.  The  exposure  shows  about  six 
feet  of  rudely  stratified  coarse  gravel  in  which  the  bowlders 
are  fresh  and  unweath0red.  There  is  also  some  clean  white 
sand. 

At  Kingsley  the  cement  works  use  sand  which  is  taken  from 
beneath  a  considerable  depth  of  loess  along  a  branch  of  the 
west  fork  of  Little  Sioux  river  southwest  of  town. 

Reworked  Materials. — Sand  bars  occur  occasionally  along  the 
course  of  the  Big  Sioux.    At  Akron  there  is  a  bar  perhaps  one- 

• 

half  acre  in  extent,  although  all  of  it  is  not  above  water.  The 
size  of  the  pebbles  varies  from  three  inches  down.  Several 
bars  are  reported  a  few  miles  to  the  south.  The  lower  fifteeii 
miles  of  the  Sioux  within  the  county  resemble  the  Missouri  in 
that  the  banks  are  muddy  and  sand  bars  are  not  prominent. 

Stone. 

The  Cretaceous  beds  in  Plymouth  and  Woodbury  counties 
comprise  an  extensive  and  somewhat  complicated  series  of  sand- 
stones, shales  and  limestones.  The  limestones  often  present  a 
marly  f acies  and  are  practically  confined  to  the  upper  portion, 
the  Benton  substage,  of  the  Cretaceous.  The  principal  cal- 
careous member  of  the  Cretaceous  in  this  locality  was  named 
The  Inoceramus  Beds  by  White.*  Later,  the  beds  were  re- 
ferred to  the  Niobrara  division  of  Meek  and  Ilayden,  but  more 
recent  studies  show  that  they  are  to  be  correlated  with  The 
Green  Horn  Limestone,  the  middle  division  of  the  Benton  group 

•Report  on  the  Geol.  Surv.  of  the  State  of  Iowa,  by  Charles  A.  White,  M.  D., 
Vol.  I,  p.  293;  Des  Moines,  1870. 
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as  it  is  developed  in  the  Edgemont  quadrangle,  South  Dakota. 
In  the  vicinity  of  Sioux  City,  the  arenaceous  beds  are  highly 
indurated  in  places  and  become  quartzitic  in  character.  They 
have  been  quarried  tp  a  limited  extent,  but  the  excessive  over- 
burden renders  any  extensive  development  of  the  beds  commer- 
cially impossible.  The  calcareous  beds  are  best  exposed  m 
Cedar  Bluff  and  vicinity,  near  Westfield,  and  near  LeMars. 
At  all  of  the  above  places  they  are  interbedded  with  shales 
and  arenaceous  deposits  and  usually  overlain  with  a  thick  de- 
posit of  loess  and  glacial  debris.  They  attain  a  maximum  thick- 
ness of  about  thirty  feet  and  are  sufficiently  pure  to  be  used 
in  the  manufacture  of  lime  and  Portland  cement.  The  follow- 
ing partial  analyses  were  made  for  the  Survey : 

I.  XL 

Calcium    carbonate    (CaCO,) 83.70        94.3^9 

Magnesium  carbonate  (MgCO,) 2.48  0.70 

I.    Chalk  rock  from  old  quarries  on  Big  Sioux  river  south  of 
Westfield,  Plymouth  county. 

II.    Chalk  rock  from  Deep  creek  northeast  of  LeMars,  southwest 
quarter  of  section  2,  America  township,  Plymouth  county. 

While  the  beds  were  formerly  used  in  the  manufacture  of 
lime,  the  introduction  of  cheap  limes  of  better  grade  from 
other  localities  has  caused  the  abandonment  of  the  industry. 
The  great  amount  of  stripping  which  must  be  done  in  order 
to  develop  the  beds  renders  them  unavailable  under  present 
conditions  for  the  manufacture  of  Portland  cement. 

POCAHONTAS  COUNTY. 
Sand  aih)  Gbavel. 

Pocahontas  county  is  entirely  within  the  limits  of  the  Wis- 
consin drift.  Its  surface  exhibits  the  typical  flat,  marshy  topog- 
raphy which  is  so  characteristic  of  the  regions  covered  by  the 
latest  ice  sheet.  All  the  streams  with  the  exception  of  one,  the 
Des  Moines,  are  younger  than  the  drift,  and  the  only  deposits 
along  them  are  small  sand  and  gravel  bars. 

Stream  Terraces. — West  Fork  of  Des  Moines  river  cuts  across 
the   northeast   corner   of  Pocahontas   county,  having  a   total 
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length  within  its  borders  of  not  to  exceed  eight  miles.  It  flows 
through  a  low  flat  plain  very  similar,  though  narrower,  to  that 
which  it  follows  through  Emmet  and  Palo  Alto  counties.  In 
those  counties,  however,  evidence  of  gravel  in  the  river  plain 
is  everywhere  abundant;  here  it  is  conspicuously  lacking.  It 
seems  hardly  likely,  however,  that  the  river  plain  is  entirely 
devoid  of  material  suitable  for  road  and  concrete  work. 

A  patch  of  what  seems  to  be  an  old  terrace  appears  on  the 
west  side  of  the  river  in  sections  14  and  23,  Des  Moines  town- 
ship. In  northwest  24  the  river  has  cut  some  six  feet  into  blue 
clay  and  shows  resting  immediately  upon  the  clay  a  bed  of 
fine  sand  four  feet  deep.  The  sand  is  covered  by  a  heavy  mantle 
of  alluvium  which  is  fully  ten  feet  deep  at  the  river  bank. 

The  top  of  the  alluvium  is  the  surface  of  the  terrace  just 
mentioned.  It  is  flat  on  top,  with  perhaps  a  slight  rise  to  the 
west  away  from  the  river,  and  has  an  area  of  some  fifty  or 
sixty  acres.  In  all  probability  the  sand  exposed  in  the  river 
bank  continues  back  if  not  to  the  extreme  edge  of  the  terrace, 
at  least  under  a  considerable  portion  of  it.  However,  the  thick- 
ness of  the  entire  formation  above  the  blue  clay  can  hardly 
exceed  fifteen  feet,  and  the  upper  two-thirds  of  this  is  alluvium. 

Another  and  much  larger  remnant  of  what  seems  to  be  the 
same  terrace  may  be  seen  along  the  west  side  of  the  river 
through  section  1  of  Garfield  township.  There  is  a  small  open 
pit  on  the  edge  of  this  beside  the  road  through  the  center  of 
section  1.  This  opening  shows  only  a  foot  or  so  of  sand  under 
a  cover  not  to  exceed  three  or  four  feet  in  depth.  Back  from 
the  edge  of  the  bench  here  the  surface  of  the  ground  is  per- 
fectly level  for  over  a  mile,  but  it  is  rather  a  far  call  to  assert 
that  the  sand  would  be  found  under  all  of  it.  The  indications 
are  suflBcient  however  to  warrant  thorough  test-pitting. 

Along  the  east  side  of  the  river  the  bench  is  entirely  absent. 
Besidents  of  the  neighborhood  disclaim  any  knowledge  what- 
ever of  gravel  and  sand  deposits  save  those  in  the  river 
channel. 

Reworked  Materials, — Sand  bars  in  Des  Moines  river  fur- 
nish a  large  part  of  the  sand  and  gravel  used  in  the  northeast 
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part  of  the  county.  Gravel  is  very  scarce,  most  of  the  material 
being  sand,  with  occasionally  a  pocket  or  small  bar  of  fine 
gravel.  These  bars  are  quite  common  on  the  concave  side  of 
bends  in  the  stream,  and  in  many  places  deposits  have  formed 
up  against  the  bank  on  the  convex  side. 

Sand  and  gravel  bars  occur  to  a  greater  or  less  extent  along 
many  of  the  smaller  streams.  These  streams  are  all  younger 
than  the  drift,  and  do  not  have  terrace  gravels  along  them. 
The  sands  in  the  bars  are  materials  which  are  derived  from 
the  drift  and  concentrated  in  the  bed  of  the  stream.  The  town 
of  Rolfe  obtains  its  supply  of  building  sand  from  bars  in  Pilot 
creek. 

Drift  Hill  Deposits. — All  that  can  be  said  concerning  the  pos- 
sibility of  gravel  in  the  hills  and  knobs  of  the  Wisconsin  drift 
area  has  been  said  in  various  places  elsewhere.  The  reader 
is  referred  to  the  reports  on  Emmet,  Palo  Alto,  Buena  Vista, 
Osceola  and  other  counties. 

There  are  quite  a  number  of  openings  of  various  sizes  in  the 
drift  hills  of  Pocahontas  county.  In  the  northeastern  part 
there  are  now  open  pits  in  northeast  14  and  center  35,  Des 
Moines  township,  west  center  of  2,  Garfield  township,  etc. 
These  are  but  examples  of  deposits  which  have  been  and  may 
be  found  in  the  drift  hills.  In  a  region  so  devoid  of  gravel 
as  is  Pocahontas  county,  these  pockets  in  and  cappings  on  drift 
hills  become  of  prime  importance,  and  although  small  amounts 
only  are  available  in  any  one  place  a  diligent  search  is  war- 
ranted and  may  prove  profitable. 

Buchanan  Gravels. — A  deposit  of  gravel  older  than  the  Wis- 
consin, the  Buchanan,  overlies  the  stone  in  the  quarrj^  at  Gil- 
more  City.  A  discussion  of  these  gravels  in  detail  so  far  as 
observed  will  be  found  in  the  reports  on  Emmet,  Palo  Alto, 
and  Buchanan  counties.  They  are  not  of  commercial  impor- 
tance in  Pocahontas  county. 

Stone. 

But  a  single  exposure  of  the  indurated  rocks  is  known  in 
this  county.    The  Saint  Louis  has  been  quarried  for  a  number 
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of  years  two  miles  north  and  one  mile  east  of  Gilmore.*  The 
quarry  is  now  owned  and  operated  by  the  Fort  Dodge  Portland 
Cement  Company.    The  following  beds  may  be  observed: 

FEET. 

11.    Soil,  sand  and  grravel 5 

10.    Cryfltalllne  limestone,  light  brown  in  color,  cavernous  due  to 

weathering,  much  shattered  and  of  little  value 4 

9.  Limestone,  light  brown,  coarse  in  texture  and  subcrystalline, 
splits  well  with  bedding  planes,  but  in  an  irregular  man- 
ner vertically,  heavy  bed 3 

8.  Ledge,  as  above,  underlain  with  two  inches  plastic,  var- 
iegated red  and  greenish  clay Ij/^ 

7.  White  to  pinkish  brown  limestone,  in  part  fossiliferous; 
beds  broken  by  vertical  joint  planes  along  which  water 
has  formed  many  small  caverns  and  on  which  small 
pyrite  nodules  and  fossils  stand  in  relief.  Ledges  run- 
ning two  inches  up  to  three  feet  in  thickness 10 

T.  H.  Macbride  in  Geology  of  Humholdt  County*  gives  the 
following  additional  strata  then  visible  below  the  above  section : 

FEET. 

6.  Blue  shales,  limestone  and  clay;   very  fossiliferous 2 

5.  Lithographic  limestone,  much  inclined  to  angular  fracture. .  1^ 

4.  Heavy-bedded,  flne-grained  limestone,  no  fossils 3 

3.  Shaly,  thin-bedded  limestones,  with  few  fossils 1 

2.    Coarse-grained,  fossiliferous  limestone,  containing  fragments 

of  No.  1,  but  separated  from  it  by  a  parting  of  shale ...      1 

1.    Lithographic  limestone,  fine-grained  and  very  hard '..      2 

This  author  regards  the  lowest  beds  as  equivalent  to  those 
quarried  at  Humboldt  in  the  adjoining  county  to  the  east. 

Numbers  7,  8  and  9  constitute  the  principal  quarry  rock.  An 
analysis  made  of  a  sample  from  these  members  is  given  here- 
with: 

Silica    (SiO,)    0.32 

Calcium  carbonate   (CaCO.) 99.62 

Water   and    undetermined 0.06 

J.  B.  Webms,  analyst 

A  casual  inspection  of  this  analysis  shows  the  limestone  to 
be  almost  absolutely  pure  and  it  appears  to  be  of  high  quality. 

The  old  quarry  is  located  in  the  lowest  portion  of  a  broad 
depression  which  appears  to  be  the  site  of  a  former  pond  or 
sinkhole.  It  is  a  local  center  of  drainage  and  some  trouble 
with  water  has  been  encountered. 

•Iowa  Geol.  Survey,  Vol.  IX,  p.  132. 
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The  present  company  have  opened  a  new  quarry  to  the  north-* 
West  of  the  old  quarries  and  have  installed  a  modern  crusher 
plant  of  large  capacity.  They  have  also  huilt  in  a  spur  from 
the  Chicago,  Rock  Island  and  Pacific  railway  with  sufficient 
trackage  to  permit  an  economic  distribution  of  their  output. 
Crushed  stone  is  the  only  product  at  present.  A  considerable 
area  of  limestone  is  available  under  light  stripping.  The  qual- 
ity is  excellent  for  crushed  stone  purposes. 

POLK  COUNTY. 
Sa:td  and  Gravel. 

Polk  county  is  generously  supplied  with  gravel  and  sand, 
and  is  one  of  the  largest  exporters  of  these  materials  among 
the  counties  of  Iowa.  Enormous  quantities  are  to  be  found 
in  Des  Moines  and  Raccoon  rivers.  Water-laid  materials  also 
occur  quite  commonly  in  the  drift  hills,  but  are  not  so  largely 
developed  as  the  former  deposits. 

Terraces. — ^Remnants  of  a  greatly  eroded  and  dissected  ter- 
race about  sixty  feet  above  Des  Moines  river  appear  in  sec- 
tions 29  and  30,  Madison,  and  3,  Jefferson  townships.  Thor- 
ough prospecting  done  by  the  Chicago,  Milwaukee  and  Saint 
Paul  Railway  showed  from  fifteen  to  eighteen  feet  of  gravel 
under  one  to  three  feet  of  alluvium.  The  material  is  in  gen- 
eral fairly  coarse,  and  in  places  is  quite  badly  iron-stained. 
A  remnant  of  a  higher  terrace  may  be  seen  on  the  north  side 
of  the  river  and  near  the  Polk-Dallas  county  line.  In  Greene 
county  a  terrace  corresponding  to  this  is  gravel-bearing. 

There  is  a  terrace  along  a  small  creek  in  section  18,  Madi- 
son township,  that  may  contain  a  large  supply  of  gravel.  The 
terrace  is  500  to  1,000  feet  wide  and  perhaps  half  a  mile  long. 
The  gravel  is  fine  and  rather  dirty  where  it  can  be  seen,  but 
good  exposures  are  wanting.  The  alluvial  covering  is  perhaps 
two  feet  thick. 

Along  Big  creek  in  sections  10  and  22  of  Madison  township 
there  is  a  terrace  some  eighteen  feet  above  the  creek.  The 
terrace  consists  of  two  feet  of  alluvium  underlain  by  six  to 
seven  feet  of  fine  gravel. 
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Below  Des  Moines  terraces  are  occasionally  to  be  seen,  byt 
these  are  almost  always  compos.ed  only  of  drift. 

H.  F.  Bain  reports  that  all  the  larger  creeks,  such  as  Four 
Mile,  Camp  and  Mud,  have  gravel  terraces,  but  these  are  not 
at  present  being  exploited.  An  exception  to  this  is  the  ter- 
race deposit  at  Avon. 

Retvorked  Materials. — ^Enormous  quantities  of  sand  and 
gravel  are  to  be  found  as  beds  and  bars  in  Des  Moines  and 
Kaccoon  rivers.  These  have  been  and  are  being  developed  on 
a  large  scale  in  the  vicinity  of  Des  Moines,  and  materials  taken 
from  here  are  shipped  over  a  wide  territory.  Depths  of  gravel 
up  to  thirty  feet  are  common  in  the  stream  beds.  The  usual 
method  of  working  these  deposits  is  by  a  centrifugal  pump 
mounted  upon  a  barge,  but  scraper  buckets  and. other  devices 
are  occasionally  used. 

Quite  large  quantities  of  clean  coarse  sand  and  fine  gravel 
are  to  be  found  along  Four  Mile  creek  from  AUeman  south. 
Similar  materials  occur  on  Mud  creek  between  Altoona  and 
Des  Moines  river.    Skunk  river  is  destitute  of  even  sand. 

Miscellaneous  Deposits. — The  northern  part  of  Polk  county 
lies  within  the  area  of  the  Wisconsin  drift.  Capitol  Hill  in 
Des  Moines  marks  the  extreme  advance  of  the  Des  Moines 
lobe.  Kames  are  common  over  the  northern  portion  of  the 
county,  but  do  not  furnish  a  large  supply  of  sand  and  gravel. 
Even  where  kame  gravels  and  sand  are  available  the  farmers 
prefer  to  haul  their  supplies  rather  than  spoil  parts  of  their 
fields.  In  a  few  instances  sand  and  gravel  have  been  removed 
and  the  land  smoothed  out  again.  Farmers  report  that  such 
land  is  more  easily  tilled  than  formerly. 

In  section  31  of  Madison  township  is  a  large  kame  whose 
surface  shows  gravel  in  places,  but  which  has  not  been  opened. 

Stone. 

The  Coal  Measures  as  developed  in  Polk  county  comprise 
shales,  argillaceous  limestone,  sandstone  and  occasional  coal 
seams.     The  argillaceous  deposits  greatly  predominate.     The 
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sandstones  are  usually  imperfectly  indurated,  while  the  lime- 
stones occur  only  in  thin  beds  or  as  ^*Caprock,"  and  neither 
affords  any  considerable  amount  of  material  suitable  for  struc- 
tural purposes.  The  sandstones  have  been  quarried  to  some 
extent  but  are  not  used  in  important  structures*  The  sandstone 
beds  exposed  at  the  foot  of  Capitol  Hill  have  probably  been 
more  extensively  developed  than  any  other  in  the  county  and 
are  said  to  have  supplied  material  for  the  walls  of  old  Fort 
Des  Moines.  The  beds  are  exceedingly  variable  in  color,  tex- 
ture and  hardness  and  are  easily  accessible.  The  county  must 
depend  upon  other  sources  for  road  and  concrete  materials. 

POTTAWATTAMIE  COUNTY. 
Sand  and  Gra^'el. 

Sand  and  gravel  are  really  scarce  articles  in  Pottawattamie 
county.  Missouri  river  has  and  does  in  places  show  evidence 
of  an  old  gravel  train,  but  these  materials  are  so  deeply  buried 
as  to  be  practically  negligible.  In  speaking  of  these  gravels, 
J.  A.  Udden,  in  his  report*  on  the  geology  of  the  county  pub- 
lished in  1901  says,  **The  valley  of  the  Missouri  river  has  a 
filling  about  seventy  feet  deep  under  the  present  flood  plain, 
and  there  is  a  similar  filling  in  the  upper  part  of  the  West 
Nishnabotna  valley.  The  lower  part  of  this  filling  usually 
consists  of  sand  and  gravel,  and  the  upper  part  is  mostly 
stream  sand  and  silt. ' '  The  depth  of  the  covering  varies  from 
a  few  feet  to  upwards  of  thirty  feet. 

Opposite  Oakland  there  is  a  terrace  on  the  west  side  of 
West  Nishnabotna  river,  and  some  second  bottom  lands  are 
also  seen  south  of  Avoca  on  the  east  side.  These  are  rem- 
nants of  an  old  flood  plain  which  must  have  been  some  thirty 
feet  higher  than  the  present  bottoms.  This  terrace  is  covered 
with  at  least  twenty  feet  of  loesslike  silt.  A  similar  but  higher 
terrace  is  seen  occasionally  along  Mosquito  creek,  as  below 
Neola.  At  the  latter  place  loess,  which  forms  the  upper  twenty 
feet  of  the  material  of  the  terrace,  regts  on  stream  sand  and 
gravel,  into  which  some  wells  have  been  sunk.  Traces  of  a  ter- 

•lowa  Geological  Survey,  Volume  XI,  p.  201. 
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race  are  also  seen  on  the  East  Nishnabotna,  on  Keg  and  Silver 
creeks,  in  the  bluffs  of  Missouri  river,  and  along  the  lower 
courses  of  some  of  its  tributaries. 

Nishnabotna  river  is  terraced  between  Harlan  (Shelby 
county)  and  Oakland.  The  principal  terrace  ranges  from 
frvrenty-five  to  thirty  feet  above  the  flood  plain  and  is  composed 
of  the  following: 

FEET. 

Loess  and  aUuvlal  wash 6-10 

Sands,  interbedded  with  thin  clay  seams 10-12 

Sands,  coarser  and  cleaner  than  the  above,  clam  shells  and 
occasionally  bones  are  reported  to  occur  in  the  lower  sand. .     10 

The  old  glacial  gravels  which  occur  capping  the  till  and  under 
the  loess  form  an  important  source  of  supply.  The  report  by 
Udden  cited  above  seems  to  contain  all  the  available  informa- 
tion on  these  deposits,  and  consequently  is  reproduced  ver- 
batim. 

Valley  Drift  Gravel. — **In  the  bluffs  bordering  the  larger 
stream  valleys  the  till  is  often  capped  by  more  or  less  gravel 
and  sand.  Nearly  all  of  the  sand  and  gravel  pits  which  have 
been  worked  in  the  county  belong  to  this  class.  These  de- 
posits are  evidently  of  glacial  origin,  for  in  some  places  they 
are  seen  to  be  interbedded  with  lentils  and  layers  of  bowlder 
clay,  or  overlain  by  the  same.  The  greatest  development  of 
glacial  gravel  and  sand  is  under  the  loess  along  the  bluffs 
of  the  Missouri  river,  especially  north  of  Kane  township.  They 
frequently  reach  a  thickness  of  twenty  to  thirty  feet,  and  have 
in  many  places  been  cemented  into  a  solid  mortar  rock  by 
percolating  calcareous  water  which  drains  through  this  open 
stratum  from  the  uplands  back  of  the  river;  Along  the  West 
Nishnabotna  these  gravels  have  a  much  smaller  development, 
but  present  the  same  characters.  Some  are  seen  about  fifty 
or  sixty  feet  above  the  flood  plain  in  the  west  bluff  three  miles 
south  of  Avoca. 

^'Without  wishing  to  express  it  as  a  mature  conclusion,  the 
author  is  inclined  to  the  view  that  these  deposits  represent 

34 
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the  work  of  the  present  streams  at  a  time  when  their  course 
was  first  marked  out  on  the  stagnant  ice  field  which  brought 
the  underlying  bowlder  clay.  These  streams  may  then  have 
followed  open  valleys  or  extensive  tunnels  in  the  ice.  In  either 
case  there  would  be  opportimity  for  the  ice  to  float  out  and 
deposit  some  till  with  the  stream  gravel.  Another  feature  of 
these  deposits  not  mentioned  above  is  the  presence  in  some 
places  of  sharply  and  clearly  cut  joints  and  faults  that  follow 
numerous  straight  and  intersecting  planes  in  the  gravel  and 
sand.  Such  faulting  could  hardly  have  taken  place  in  this  un- 
consolidated and  heterogeneous  material  unless  it  was  frozen 
at  the  time.  A  conspicuous  instance  of  complex  faulting  of 
this  kind  was  observed  in  a  gravel  pit  just  south  of  Loveland 
station." 

In  the  vicinity  of  Loveland  are  two  or  three  pits  which 
doubtless  belong  to  this  class.  These  may  be  seen  both  north 
and  south  of  town.  In  southwest  section  14  of  Rockford  town- 
ship and  again  a  little  farther  south  similar  exposures  may 
be  seen.  Another  which  probably  belongs  in  the  same  cate- 
gory is  located  in  section  11  of  Lewis  township.  Bank  sand 
has  been  and  is  being  used  at  several  points  near  the  foot  of 
the  bluff  both  above  and  below  the  city  of  Council  Bluffs.  In 
the  vicinity  of  Avoca  bank  sand,  apparently  subloessial,  is  ob- 
tained at  several  points  south  of  town  and  is  used  for  mortar 
and  plaster. 

Sand  and  gravel  are  scarce  in  Council  Bluffs  and  vicinity. 
The  Missouri  river  sand  is  used  to  some  extent,  but  carries  a 
high  percentage  of  silt.  Most  of  the  sand  and  gravel  used  for 
street  purposes  is  imported  from  Nebraska.  The  most  exten- 
sive local  deposits  occur  near  Henton's,  across  the  line  in 
Mills  county.  Outcrops  of  limestone  occur  in  the  same  neigh- 
borhood. Neither  stone  nor  gravel  has  been  used  to  any  ex- 
tent in  road  work  in  the  west  end  of  Pottawattamie  county. 
River  sand  is  used  to  some  extent.  Sand  for  concrete  is  shipped 
in  from  Platte  river  or  Des  Moines  river.  At  Oakland  sand 
is  obtained  from  Nishnabotna  river  by  means  of  centrifugal 
pumps  mounted  on  scows.  Two  of  these  are  in  operation  at 
the  present  time.     The  sand  ranges  from  fine  to  medium  and 
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carries  a  comparatively  small  percentage  of  aggregates  up  to 
one  and  a  half  to  two  inches  in  diameter. 

Stone. 

With  the  exception  of  small  areas  near  the  eastern  edge  of 
the  county,  the  underlying  indurated  rocks  belong  to  the  Mis- 
souri stage  of  the  Upper  Carboniferous.  These  are  limestones 
and  shales.  In  general  they  lie  deeply  buried  beneath  the 
glacial  deposits  and  where  exposed  along  some  of  the  larger 
streams,  are  usually  overlain  with  great  depths  of  drift  and 
loess. 

There  are  but  two  districts  where  Missouri  strata  are  ex- 
posed. In  Carson  and  Macedonia  townships,  in  the  vicinity 
of  the  towns  of  Carson  and  Macedonia,  several  small  quarries 
have  been  operated.  No  stone  is,  however,  being  taken  out  at 
the  present  time,  and  all  exposures  are  greatly  obscured. 

At  the  John  Marten  quarry  near  the  northwest  comer  of 
i^ection  23,  Macedonia  township,  the  main  quarry  beds  are  cov- 
ered with  fifteen  feet  of  marly  shales  and  weathered  fossilifer- 
ous  limestone,  above  which  are  eight  to  ten  feet  of  drift  and 
loess.  The  layers  quarried  consist  of  three  ledges  of  gray, 
compact  limestone,  each  about  a  foot  thick  and  separated  by 
seams  of  marly  material.  The  upper  layer  contains  nodules  of 
dark  chert.  Below  the  gray  stone  are  three  feet  of  a  soft, 
yellow  limestone  filled  with  Fusulina  cylindrica.  Similar  strata 
were  formerly  worked  near  the  northeast  corner  of  section 
27  in  the  Tompkins  quarry.  West  of  the  river  and  opposite 
the  town  of  Carson  in  section  3  of  Carson  township,  rock  has 
been  quarried  at  several  points  along  the  edge  of  the  valley. 
The  following  section  was  formerly  exposed  on  the  land  of 
Mr,  David  Snapp: 

FEET. 

7.    Drift  and  loess 20 

6.    Limestone,  gray,  hard,  strong,  highly  fossiliferous 6 

5.    Shale,  gray,  indurated 7 

4.    Limestone,  dark,  soft,  of  fine  and  uniform  texture,  gray  to 

black,  fossiliferous  1 

3.     Shale   5 

2.    Lltnestone,  dark,  impure,  fine-grained,  soft 5 

1.    Shale,  greenish  gray,  exposed 2 


532  ROAD  AND  CONCRETE  MATERIALS  IN  IOWA 

All  of  the  rock  ledges  open  to  view  in  this  district  are  much 
weathered,  and  of  a  poor  grade  for  building  purposes.  These 
conditions,  along  with  the  heavy  stripping  that  would  be  re- 
quired, the  thinness  of  the  individual  usable  ledges,  and  their 
being  interbedded  with  such  large  proportions  of  worthless 
materials,  are  all  unfavorable  to  the  development  of  the  quarry 
business. 

The  Missouri  limestones  have  been  quarried  at  two  other 
points  in  the  county  in  past  years;  below  the  town  of  Crescent 
in  sections  27  and  34,  and  on  Mosquito  creek,  section  21,  Garner 
township.  At  the  former  locality,  the  following  strata  outcrop 
almost  continuously  for  three-fourths  of  a  mile  at  the  base  of 
the  Missouri  river  blufiF. 

FEET. 

6.    Loess  and  drift  up  to 100 

5.  Limestone,  yellowish  to  gray,  in  ledges  six  inches  to  one  foot 
in  thickness,  occasionally  brecciated  and  in  places  having 
a  finely  odlitic  texture 5 

4.    Shale,  yellow    2 

3.    Limestone,   yellowish   gray,   compact,   occasionally   odlitic, 

fossiliferous   2 

2.    Shale,  gypseous,  highly  fossiliferous 5 

1.    Limestone,  massive  ledge,  fine-grained,  odlitic,  fossiliferous, 

exposed    3 

These  strata  afford  a  good  quality  of  building  material,  and 
lime  was  burned  here  many  years  ago.  But  the  enormous  quan- 
tity of  stripping  necessary  to  render  any  considerable  amount 
of  the  stone  available,  is  a  barrier  to  further  development  at 
this  point. 

The  Mosquito  creek  quarry  has  long  since  been  abandoned 
and  the  strata  are  very  meagerly  exposed.  Here  also  the  ex- 
tremely heavy  overburden  renders  the  further  working  of  the 
quarry  practically  impossible. 

Strata  belonging  to  the  Cretaceous  system  underlie  portions 
of  Pottawattamie  county  east  of  West  Nishnabotna  river. 
They  consist  of  beds  of  clay  and  soft,  friable  sandstone,  the 
latter  v-arying  in  color  from  white  to  gray  and  brown.  The 
entire  county  is  deeply  covered  with  Pleistocene  deposits  and 
the  only  evidence. of  the  presence. of  the . Cretaceous  comes  from 
deep  wells  and  a  few  scattering  exposures  near  the  extreme 
southeast  corner  of  the  county. 
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J.  A.  Udden*  records  a  maximum  thickness  of  forty-two  feet 
of  Cretaceous  sandstone  occurring  in  the  northeast  quarter  of 
section  36,  Wright  township,  as  an  escarpment  over  a  quarter 
of  a  mile  in  length,  facing  the  river.  It  is  again  seen  near  the 
southeast  corner  of  section  1  of  this  same  township,  also  in 
section  28  of  Grove  township.  In  all  instances,  the  rock  is  of 
uniform  fine  texture,  but  the,  grains  of  sand  are  poorly  ce- 
mented so  that  it  will  usually  crumble  in  the  hand.  Bedding 
is  not  conspicuous,  great  thicknesses  appearing  as  one  con- 
tinuous ledge.  All  the  exposures  noted  are  heavily  covered  with 
glacial  deposits.  Aside  from  being  the  source  of  local  supplies 
of  good  sand,  the  Cretaceous  sandstones  of  this  county  are  of 
little  economic  value. 

POWESHIEK  COUNTY. 
Saiyd  and  Gravel. 

The  loess-veneered  Kansan  drift  covers  practically  the  entire 
surface  of  the  county.  No  large  streams  cross  the  county  and 
none  of  the  smaller  streams  head  back  in  the  Wisconsin  drift 
territory.  As  a  consequence  sand  and  gravel  dej)osits  on  a 
commercial  scale  are  not  believed  to  be  present.  The  sub- 
loessial  sands,  sometimes  more  or  less  gravelly,  are  quite  gen- 
erally present  and  important  as  a  water-bearing  horizon,  but 
are  of  little  importance  as  a  source  of  road  and  concrete  ma- 
terials. Most  of  these  materials  used  in  the  county  are  shipped 
in  from  Polk  and  Mahaska  counties. 

RINGGOLD  COUNTY. 
Sand  and  Gravex. 

All  of  the  sand  available  in  Ringgold  county  is  obtained 
from  the  beds  of  the  streams.  Grand  river,  which  is  the  larg- 
est stream,  deposits  but  little  sand  or  gravel  in  the  vicinity  of 
Knowlton,  Diagonal  or  Benton.  A  small  tributary  of  this  river, 
entering  about  a  mile  south  of  Diagonal,  supplies  the  local 
community  with  sand,  and  small  amounts  of  the  same  mate- 

•Geologry  of  Pottawattamie  county,  Iowa  Geol.  Survey,  Vol.  XI,  p.  237. 
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rial  are  reported  from  some  of  the  streams  between  Diagonal 
and  the  Missouri  line. 

The  northern  half  of  the  county  is  practically  destitute  of 
sand  and  gravel  deposits.  Most  of  the  sand  used  at  Mount 
Ayr  is  shipped  from  Davis  City  or  Blockley,  but  some  has 
been  hauled  from  Waterson,  ten  miles  south.  The  pit  from 
which  this  is  taken  is  in  the  bed  of  a  small  creek  about  one  and 
a  half  mile  southeast  of  town.  The  annual  output  is  perhaps 
thirty  cars.  There  is  but  little  sand  in  Grand  river  between 
Mount  Ayr  and  Kellerton.  The  same  is  true  of  Platte  river  in 
the  vicinity  of  Benton  and  Diagonal. 

SAC  COUNTY. 
Sand  and  Gravel. 

The  important  sand  and  gravel  deposits  of  Sac  county  may 
be  classified  under  two  main  heads;  gravel  trains  along  the 
streams  which  were  without  doubt  deposited  by  flood  waters 
from  the  melting  Wisconsin  ice,  and  water-laid  materials  in 
or  upon  the  Wisconsin  drift  hills  themselves.  In  a  few  isolated 
places  the  Buchanan  gravels,  which  in  the  northwestern  part 
of  the  state  so  generally  underlie  the  loess,  and  the  Aftonian 
gravels,  older  than  the  Kansan  series  and  underlying  it,  have 
been  exposed  by  erosion.  These  latter,  however,  are  of  no 
importance  from  a  practical  standpoint,  and  discussion  of  them 
must  be  brief  in  a  report  of  this  nature. 

Stream  Terraces. — Marked  terraces  occur  in  places  along  the 
course  of  Eaccoon  river  throughout  the  county.  Crossing  the 
line  from  Buena  Vista  county  almost  exactly  at  the  northeast 
comer  of  Delaware  township,  the  Raccoon  meanders  in  a  wido 
flood  plain  to  section  1  of  that  township,  in  the  south  half  of 
which  it  cuts  through  a  range  of  drift  and  gravel  hills.  Below 
this  point,  and  to  within  a  mile  of  the  corporate  limits  of  the 
town  of  Sac  City,  it  finds  its  way  through  and  around  heaps 
of  glacial  debris  of  undoubted  morainal  origin.  To  the  south- 
ward the  river  has  distributed  some  gravel,  but  in  only  a  few 
places  is  any  now  seen.  In  sections  24,  Delaware,  and  30, 
Douglass  townships,  the  gravels  appear  as  a  terrace  some  forty 
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feet  above  water,  and  are  seen  at  a  few  places  to  the  east.  After 
the  numerous  windings  of  the  river  here  there  is  nothing  in 
sight  but  drift,  until  the  northern  part  of  section  14  of  Jackson 
township  is  reached  where  a  conspicuous  terrace  appears.  This 
terrace  is  some  twenty-five  or  thirty  feet  above  the  waterline, 
seems  to  be  nearly  all  gravel,  and  is  more  or  less  continuous 
through  Sac  City.  The  railway  has  removed  large  quantities 
of  gravel  where  it  cuts  through  this  terrace  in  the  north  part 
of  section  14. 

At  Sac  City  these  gravels  are  used  by  the  Sac  City  Cement 
Pipe  Company  and  by  Phil  Shaller  for  cement  work.  The  for- 
mer company  has  located  a  pit  close  to  the  river,  and  a  twelve 
to  fifteen  foot  section  is  open.  The  total  section  exposed  in 
the  two  pits  named  shows  some  three  and  a  half  feet  of  wash 
covering,  below  which  are  seven  to  eight  feet  of  uniform,  rather 
fine  sand  with  streaks  of  fine  gravel.  Underlying  this  are 
ten  to  twelve  feet  of  medium  fine,  well-proportioned  gravel  rest- 
ing upon  clay  some  three  feet  above  water.  At  the  Cement 
Pipe  Company's  pit  there  are  only  five  or  six  inches  to  be 
stripped,  then  good  clean  gravel,  finer  below,  the  whole  face 
averaging  well  for  concrete  work. 

The  Raccoon  valley  is  narrow  below  Sac  City  to  northeast 
Wall  Lake  township,  where  it  widens  out  and  continues  so  into 
Coon  Valley  township.  The  flood  plain  itself  is  usually  prac- 
tically nil,  and  the  bottoms  are  largely  gravel  trains.  The 
gravels  are  exposed  at  many  points  and  are  frequently  used ; 
e.  g.,  in  south  section  12  of  Coon  Valley  township,  where  an 
unnamed  stream  from  the  east  has  exposed  fifteen  to  twenty 
feet  of  them.  A  similar  opening  may  be  seen  in  northwest 
section  32  of  the  same  township. 

The  river  valley  narrows  again  in  south  Coon  Valley  town- 
ship. In  section  28  the  gravel  plain  is  nearly  a  mile  wide. 
The  valley  narrows  in  section  33  and  on  into  Sac  township 
where  it  is  still  bordered  by  a  terrace  which  here  seems  to  be 
largely  drift,  not  even  gravel  covered  throughout.  At  Grant 
City  the  terrace  is  about  forty  feet  above  water. 

Cedar  creek  is  nearly  the  size  of  the  Raccoon,  and  flows 
through   an  alluvial   valley   which   becomes   somewhat  steep- 
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walled  as  the  Eaccoon  is  approached.  In  section  20  of  Cedar 
township  a  well-defined  gravel  terrace  appears  on  the  west, 
and  suggestions  of  it  may  be  seen  on  the  east  of  the  creek, 
some  thirty  feet  above  the  stream.  This  terrace  has  been 
opened  in  the  middle  of  the  section  where  the  road  crosses  it. 
There  is  no  terrace  in  Sac  county  above  this  point,  but  it  con- 
tinues below  to  the  confluence  of  Cedar  creek  and  the  Raccoon. 
The  gravels  are  not  prominent  but  appear  in  a  few  places. 

Indian  creek  and  its  branches  are  important  waterways,  but 
geologically  are  uninteresting  except  in  the  vicinity  of  Wall 
Lake.  The  upper  water  courses  are  meandering  swamp  streams. 
In  southwest  Wall  Lake  township  the  creek  whittles  its  way 
through  the  drift  at  the  west  morainal  front  until,  at  the  town 
of  Lake  View,  it  turns  abruptly  east  and  northeast  through  a 
maze  of  morainal  hills.  The  gravels  at  Lake  View  and  around 
the  west  end  of  the  lake  are  terrace  materials  and  appear  to 
extend  southward,  continuing  in  the  direction  of  Indian  creek. 

A  prominent  terrace  some  thirty-five  feet  high  begins  just 
northwest  of  Lake  View,  and  extends  two  miles  south  of  town 
around  an  arm  of  the  lake.  A  pit  is  worked  in  town  by  Messrs. 
B.  Kennedy  and  Molder.  The  section  shows  soil  two  feet; 
coarse  rusty  bowlders  one  to  two  and  one-half  feet ;  good  gravel 
and  sand,  10  to  12  feet.  A  two-  to  four-  or  six-inch  clay  streak 
comes  in  three  to  four  feet  from  the  base  of  the  present  pit, 
below  which  are  perhaps  twenty  feet  of  good  material  down 
to  water  level  of  the  lake.  In  the  K.  &  M.  bank  a  band  of  drift 
clay  apparently  a  foot  or  so  in  thickness  contains  irregularly 
arranged  pebbles  up  to  the  size  of  one's  fist.  This  is  covered 
by  four  or  five  feet  of  coarse  gravel  and  is  underlain  by  sand 
or  gravel.  The  boundaries  of  the  layer  of  till  are  definite. 
About  ten  feet  of  gravel  and  sand  are  now  exposed  below  the 
till,  but  not  much  is  being  taken  out. 

Below  the  town  the  terrace  has  been  worked  on  a  large  scale 
by  the  railroad  company,  and  enormous  quantities  of  gravel  re- 
moved. 

There  are  also  considerable  amounts  of  sand  and  gravel 
about  the  town  of  Early,  called  AVisconsin  outwash  by  Mac- 
bride.    The  school  house  is  on  a  gravel  mound,  and  the  ceme- 


SAC  COXJNTY 


SAC  COUNTY  543 

tery  east  of  town  occupies  a  similar  position.    The  town  water 
supply  is  reported  to  be  from  gravel  at  a  depth  of  twelve  feet. 

There  is  a  small  opening  on  the  McCormick  farm  in  the 
northeast  quarter  of  section  10,  Boyer  Valley  township,  and 
a  large  one  in  the  southwest  quarter.  The  latter  pit  furnishes 
suitable  gravel  for  all  purposes.  The  upper  eight  to  nine 
feet  are  rusty  and  somewhat  impure  but  furnish  fair  mate- 
rial for  road  work.  Below  comes  apparently  clean  and  fresh 
gravel,  which  Williams  thinks  belongs  to  the  Wisconsin  gravel 
train. 

Morainal  Deposits. — The  east  half  of  Sac  county  lies  within 
the  Wisconsin  drift  area.  The  topography  of  this  portion 
of  the  county  is  typically  morainal.  Many  of  the  gravel-bear- 
ing hills  have  been  and  are  being  developed,  and  they  afford 
a  useful  and  valuable  supply  of  materials  suitable  for  road 
and  concrete  work. 

All  through  west  Wall  Lake  township,  from  section  32  of 
Jackson,  in  sections  5,  8,  17,  21,  28  and  29  occur  sharp  morainal 
knobs,  always  gravelly,  and  sometimes  affording  gravel  and 
sand,  as  at  north  17,  northeast  29,  and  so  on. 

In  section  28  of  Wall  Lake  township  is  a  series  of  elongated 
hills  having  a  general  north  and  south  direction.  These  hills 
have  been  opened  on  the  farm  of  Erie  W.  Scott,  and  much 
gravel  has  been  removed  from  a  pit  near  the  middle  of  this 
section.  The  Scott  pit  is  in  a  ridge  or  esker,  which  has  been 
opened  for  a  distance  of  forty  rods  or  so.  The  cover  varies  in 
depth  from  zero  to  several  feet  on  both  sides  of  the  ridge. 
There  is  usually  fine  sand  at  the  top,  grading  downward  into 
gravel.  The  gravel  overlies  a  band  of  eight  to  sixteen  inches 
in  thickness  of  very  silty  and  worthless  sand,  which  latter  does 
not  run  regularly,  but  pinches  out,  only  to  appear  again  higher 
or  lower.  Below  this  clay  band  are  four  to  five  feet  of  clean 
cross-bedded  sand  above  gravel,  although  this  sequence  is  often 
reversed.  The  clean  gravel  rests  upon  a  yellow-brown-black 
base  of  partially  cemented  gravel  and  sand  that  is  very  irreg- 
ular. It  is  broken  through  in  places,  and  a  usable  iron-stained 
coarse  gravel  is  then  found.    As  a  rule  this  iron-stained  gravel 
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is  at  the  bottom  of  the  pit.  A  maximum  depth  of  about  twenty 
feet  is  worked,  and  several  cars  a  day  are  being  shipped.  The 
gravel  contains  a  marked  quantity  of  shale,  which  is  especially 
noticeable  in  the  sand  as  it  caves  and  runs  down. 

Throughout  sections  27,  22  and  23  of  Wall  Lake  township 
kames  are  abundant.  To  the  north  of  Indian  creek  these 
sometimes  resemble  drift  hills,  level,  vnth  gravel  caps.  They 
have  been  opened  in  many  places,  notably  in  south  section  22. 

Buchanan  Gravels, — The  western  half  of  Sac  countv  lies  out- 

If 

side  the  Wisconsin  drift  area,  and  the  surface  materials  are 
Kansan  drift  covered  by  loess.  In  many  places  Buchanan 
gravels,  the  water-laid  materials  from  the  older  drift  sheet, 
may  be  seen.  These  impure  subloessial  gravels  appear  in 
places  in  road  cuts,  as  on  the  township  line  between  sections 
25  and  30  and  13  and  18,  Eden  and  Delaware  townships  re- 
spectively. They  are  always  highly  iron-stained,  and  an  abun- 
dance of  limestone  is  always  noticeable.  They  do,  however, 
usually  afford  good  and  needed  road  ballast. 

The  same  subloessial,  iron-stained  gravels  appear  at  rare  in- 
tervals along  the  edges  of  the  upper  Boyer  valley,  as  in  north- 
east section  11  and  southwest  22.  There  are  no  signs  of  ter- 
races anywhere  on  this  part  of  the  Boyer,  but  in  the  broad 
flats  of  the  stream  in  Eden  township  there  seems  to  have  been 
a  small  amount  of  gravel  distributed,  which  now  occurs  at 
intervals  underneath  low  alluvial  benches,  perhaps  eight  to 
ten  feet  above  water.  These  are  seldom  uncovered  or  made 
use  of,  and  are  indeed  unimportant,  although  much  needed. 
The  only  exposure  of  these  gravels  noted  is  in  the  road  be- 
tween sections  21  and  22,  Eden  township,  north  of  a  stream 
from  the  west.  The  same  low  flats  are  seen  at  points  to  the 
north  and  northeast,  but  none  have  been  opened. 

In  section  10  of  Boyer  Valley  township,  just  southeast  of 
Early,  is  a  ridge  running  diagonally  northeast  to  southwest 
which  appears  to  be  gravel  capped  if  not  entirely  composed 
of  gravel.  The  relation  between  loess,  drift  and  gravel  here 
is  the  usual  one,  and  these  seem  to  be  only  a  more  prominent 
development  of  what  may  be  seen  in  a  loess-covered  country, 
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comparable  to  the  Sibley,  Sheldon,  LeMars  and  Correction- 
ville  pits.  They  bear  no  definite  relation  to  any  present  stream, 
but  are  fifty  feet  above  the  Boyer,  and  remind  one  of  a  similar 
occurrence  south  of  Alta  (Buena  Vista  county)  along  the  Little 
Maple  and  again  on  the  same  stream  just  over  the  line  in 
Cherokee  county. 

Retvorked  Materials. — Sand  and  gravel  bars  are  variously 
distributed  in  the  streams  of  Sac  county,  but  are  of  practi- 
cally no  importance  as  sources  of  supply.  They  are  utilized 
occasionally,  however,  to  satisfy  small  local  needs. 

Stone. 

Stratified  rocks  outcrop  at  but  a  single  point  within  the  con- 
fines of  the  county  so  far  as  known  at  this  time.  At  Grant 
City  Raccoon  river  impinges  strongly  against  its  south  bank 
and  uncovers  a  series  of  coarse-grained  sandstones,  clay  shales 
and  chalk  deposits,  the  assemblage  aggregating  forty  or  fifty 
feet  in  thickness  and  belonging  to  the  Cretaceous  system.  Where 
exposed  the  sandstone  is  not  sufficiently  indurated  to  be  useful 
as  a  structural  material.  The  clay  shales  are  of  good  quality 
and  are  used  in  a  small  way  in  the  manufacture  of  brick.  The 
chalk  was  used  formerly  for  the  manufacture  of  lime,  an  indus- 
try which  long  since  was  abandoned.  The  clay  shales  and  ohalk 
blended  in  the  proper  proportions  would  probably  produce  a 
mixture  suitable  for  the  manufacture  of  Portland  cement.  The 
smalluess  of  the  section  and  the  inaccessibility  of  the  beds 
make  such  use  impossible. 

SCOTT  COUNTY. 
Sand  and  Gbavel. 

The  absence  of  sand  and  gravel  over  the  larger  part  of 
Scott  county  is  a  striking  fact,  and  one  in  strong  contrast  with 
the  abundance  of  these  coarser  deposits  in  the  counties  a  little 
north  and  northwest.  Beyond  a  short  distance  south  of  the 
lowan  frontier  which  follows  roughly  the  course  of  Wapsipini- 
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Fra.  S3 — Sand  hills  of  lowan  frontier,  Princeton  township,  Scott 


eon  river  and  ia  two  or  three  miles  south  of  it,  there  were  no 
agencies  during  Pleistocene  times  capable  of  carrying  heavier 
sediment  than  the  fine  silts  and  sands  of  the  loess.  North  ot 
that  frontier,  however,  sand  is  plenty,  and  in  the  great  belt  of 
hills  in  Princeton  township,  which  overlooks  the  flood  plain 
of  the  "Wapsipinicon,  heavy  hods  of  sand  are  superior  and 
peripheral  to  the  loess.  In  many  road  cuts  in  this  district 
typical  loess  is  seen  to  pass  outward  into  sands  by  gradations 
which  show  that  the  two  deposits  were  contemporaneous.  The 
,  loess  is  often  seen  also  to  pass  downward  into  beds  of  sand 
by  intercalation  in  tortuous,  irregular,  discontinuoas  layers, 
showing  conclusively  the  genetic  indentity  of  the  two  deposits. 
So  far  as  now  known  the  Buchanan  gravels,  the  heavy  de- 
posits laid  down  in  the  swift  glacial  streams  from  the  melting 
Kansan  ice,  do  not  exist  in  Scott  county.  They  are,  however, 
found  in  force  a  few  miles  north  of  the  county  line,  near 
DeWitt,  and  it  is  from  pits  in  the  paha-like  hills  which  they 
there  form  that  the  gravel  is  obtained  which  is  being  largely 
used  for  road  making  in  Scott  county.  Just  south  of  the  county 
line  the  Durant  cut  of  the  Chicago,  Rock  Island  and  Pacific 
railway  discloses  a  gravel,  almost  wholly  made  up  of  local 
materials,  overlying  Kansan  till  and  covered  with  a  ferretto; 
and  similar  gravels  no  doubt  exist  in  the  adjacent  hills  across 
the  line. 


SCOTT  COUNTY  547 

Stone. 

The  Silurian  rocks  in  Scott  county  belong  to  the  Niagaran 
series  and  form  the  country  rock  over  the  northern  two-thirds 
of  the  county.  The  lowest  stage  of  the  Niagaran,  the  Hopkin- 
ton,  has  not  been  recognized  in  the  county  and  all  of  the  Silurian 
limestones  are  referred  to  the  upper  stage,  the  Gower  of  Nor- 
ton. Exposures  of  the  Gower  occur  in  all  the  townships  north 
of  a  line  extending  from  Valley  City  slightly  northwest  to  about 
five  miles  north  of  Durant,  save  in  Sheridan  and  Lincoln  town- 
ships where  the  drift  completely  conceals  the  country  rocks. 

The  two  distinct  lithological  phases  of  the  Gower  are  well 
shown  in  the  county.  The  pure,  hard,  subcrystalline  dolomite, 
free  from  chert  and  especially  adapted  to  the  manufacture  of 
lime,  is  known  as  the  LeClaire  from  its  occurrence  at  the  village 
of  that  name.  The  upper  beds,  comprising  light  buff,  vesicular, 
evenly  bedded  dolomite,  are  generally  known  as  the  Anamosa 
stone.  . 

A  distinguishing  characteristic  of  the  LeClaire  rocks  is  the 
absence  or  abnormal  disposition  of  its  bedding  planes.  It  often 
apparently  occurs  in  large  mounds  in  which  scarcely  a  trace  of 
stratification  is  visible.  Such  an  example  may  be  seen  at 
Schmidt  *s  lime  quarry  south  of  Dixon.  The  LeClaire  often 
exhibits  false  bedding  on  gigantic  scale ;  the  beds  being  inclined 
from  zero  to  40  degrees.  The  dip  is  exceedingly  inconstant, 
varying  both  in  inclination  and  direction  in  short  distances. 

The  Anamosa  beds  are  intimately  associated  with  the  Le- 
Claire, and  usually  lie  in  even  and  horizontal  or  slightly  un- 
dulating layers.  Chemically  the  Anamosa  stone  is  a  dolomite, 
differing  in  its  constituents  from  the  LeClaire  in  the  larger 
per  cent  of  impurities  present.  In  Scott  county  the  stone  runs 
in  even  parallel  courses,  whose  thickness  depends  largely  upon 
weathering.  Layers  from  eight  to  twelve  inches  are  the  most 
common  and  blocks  can  be  taken  out  of  almost  any  dimensions. 
The  Anamosa  beds  are  generally  laminated,  but  grade  down- 
ward insensibly  into  the  LeClaire  by  the  lamination  planes  be- 
coming obscure,  and  the  stone  becoming  subcrystalline.  By 
another  type  of  lithological  variation  the  rock  becomes  hard 
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and  compact  with  a  subconchoidal  fraature,  resembling  the 
lithographic  phase  of  the  Devonian.  These  layers  are  often 
termed  ^ '  flint '^  by  the  quarrymen,  although  destitute  of  silica. 

Outcrops  of  both  the  LeClaire  and  Anamosa  are  generally 
distributed  along  all  of  the  principal  waterways.  Numerous 
quarries  have  been  opened,  but  with  a  few  exceptions  they  are 
of  local  importance  only.  A  few  typical  exposures  are  given 
belew.  The  LeClaire  beds  are  exposed  and  have  been  quar- 
ried on  sections  13,  14,  15,  18  and  22,  Liberty  township,  and 
section  5  in  Cleona  township,  in  the  west  end  of  the  county. 
The  beds  range  from  twelve  to  thirty  feet  in  thickness  and 
show  the  usual  LeClaire  characteristics.  The  LeClaire  also 
occurs  in  section  7,  Allen  Grove  township,  where  it  has  been 
burned  for  lime  for  more  than  a  half  century,  and  at  a  number 
of  points  near  Big  Rock.  It  occurs  and  has  been  quarried 
near  Princeton  and  LeClaire. 

The  Anamosa  beds  have  been  developed  extensively  in  the 
vicinity  of  Princeton  and  LeClaire.  North  of  the  latter  place 
the  LeClaire  Stone  Company  has  opened  and  is  operating  the 
largest  quarry  in  the  county.  The  quarry  is  connected  with 
the  Iowa  and  Illinois  railway. 

The  beds  exposed  are  as  follows : 

FEET. 
LE  CLAIRE  SECTION. 

8.    Loess  and  drift,  thickness  variable 0-10 

7.    Limestone,  buff,  dolomitic,  much  weathered,  thinly  bedded 

and  often  almost  clayey  in  appearance 10-30 

6.  Dolomite,  cavernous,  most  vesicular  layer  in  the  quarry, 
hard  and  brittle,  subcrystalline;  some  of  the  cavities  con- 
tain crystals 5-6 

5.    Dolomite,  thinly  bedded  and  much  weathered  in  places; 

often  hard  and  brittle  and  bluish  when  fresh 4 

4.  Dolomite,  heavy-bedded,  somewhat  vesicular  and  irregu- 
larly indurated   2 

Spring  line  here. 

3.  Dolomite  in  remarkably  even  beds  and  very  soft  when  first 
quarried.  The  best  dimension  stone  in  the  quarry;  in 
six  layers  6 

2.    Dolomite,  in  heavy  beds,  upper  portion  shows  a  tendency  to 

split  irregularly;   brittle   6 

.    1.    Dolomite,  thinly  bedded,  cavernous  in  places,  exposed 4 
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The  quarry  is  equipped  with  steam  drills  and  derricks  and 
an  Austin  crusher  plant.  The  stone  is  carried  from  quarry- 
to  cars  and  crusher  by  means  of  derricks,  and  very  little 
trackage  is  required.  Three  sizes  of  crushed  stone,  in  addi- 
tion to  the  dust,  are  put  upon  the  market.  The  quarry  also  sup- 
plies rubble  and  riprap  and  all  sorts  of  dimension  stone. 

The  Anamosa  beds  here  dip  toward  the  northwest  at  a  low 
angle. 

Other  quarries  have  been  opened  near  LeClaire  but  show  no 
new  features.  The  beds  developed  are  usually  less  regular  than 
those  just  described.  Of  the  large  number  of  quarries  which 
have  been  worked  from  time  to  time  in  the  vicinity  of  Prince- 
ton, only  one  is  given  here.  Several  quarries  have  been  opened 
at  the  base  of  the  high  bluffs  which  skirt  the  valley  of  the 
Wapsipinicon,  northwest  of  the  town  of  Princeton;  one  of  the 
most  extensive  is  located  on  the  northwest  quarter  of  section 
34,  Princeton  township.    The  succession  of  beds  is  as  follows: 

FEBT. 

5.    Superficial  depoaits  resting  on  unpitted  rock  surface 2 

4.  Limestone  in  thin  layers,  mostly  2  to  4  inches  thick,  a  few 
reaching  8  inches,  and  some  consisting  of  thin  calcareous 
plates  12  . 

3.  Ldmestooie,  close,  granular,  slightly  harder  and  more  brittle 
than  typical  Anamosa  stone,  in  even,  horizontal  courses 
from  6  to  20  and  24  inches  in  thickness,  buff  in  color,  with 
few  cavities  and  smooth  surfaced,  including  a  foot  or  so 
of  thinly  laminated  "flinty"  limestone 14 

2.    Limestone  in  layers  from  2  inches  to  18  inches,  semicrys- 

talline    7 

V    1.    Limestone  in  thin,  gray,  crystalline,  calcareous  plates 5 

Beds  intermediate  in  character  between  the  Anamosa  and 
LeClaire  beds,  supply  an  abundance  of  quarry  stone.  Small 
quarries  have  been  opened  in  Liberty,  Cleona,  Butler,  LeClaire 
and  Pleasant  Valley  townships. 

These  intermediate  beds  are  buff,  nonlaminated,  regular  and 
heavy.  They  are  generally  highly  vesicular,  and  often  sub- 
crystalline.  A  representative  section  may  be  seen  in  a  small 
quarry  on  the  northeast  quarter  of  section  1,  in  Liberty  town- 
ship. Natural  ledges,  aggregating  twenty  or  thirty  feet,  ap- 
pear along  the  gorge  of  the  Wapsipinicon  and  show  an  earthy 
dolomite  in  massive  beds  up  to  three  feet  or  more  in  thickness. 
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The  stone  is  nonlaminated  and  is  subcrystalline  in  places.  The 
bedding  planes  are  rough  and  cavities  of  considerable  size  are 
present.  In  Cleona  township  a  quarry  located  on  the  north- 
west quarter  of  section  7  shows  the  following  succession: 

FEET. 

4.  Limestone,  magnesian,  horizontally  bedded,  brown,  semi- 
crystalline,  weathering  into  small  chipstone,  with  one  or 
two  6-inch  layers  more  resistant 9 

3.  Limestone,  magnesian,  light  gray,  laminated,  earthy,  in 
places  vesicular,  more  thinly  bedded  than  above,  passing 
in  places  into  thin  beds.  This  includes  a  distinct  layer  of 
buff  magnesian  limestone  1   foot  thick 6 

2.  Limestone,  magnesian,  gray,  irregularly  bedded,  thin-lay- 
ered, weathering  to  small,  sharp-angled  chipstones 6 

1.    Limestone,  magnesian,  brown,  earthy,  ocherous,  in  thicker 

beds  than  above,  partly  cemented 3 

Similar  but  less  extensive  sections  may  be  viewed  at  numerous 
points  in  the  northeastern  townships. 

Devonian  limestones  have  been  quarried  extensively  from 
Pleasant  Valley  to  Buffalo  along  Mississippi  river.  The  most 
extensive  quarries  are  located  at  Bettendorf  east  of  Daven- 
port and  at  Linwood  near  Buffalo.  Several  companies  are  op- 
erating near  Bettendorf,  crushed  stone  being  the  chief  product. 
The  GrommoU  quarry  is  located  east  of  Bettendorf  and  south 
of  the  electric  railway  tracks.  The  pit  section  aggregates  ten 
to  twelve  feet.  The  upper  six  to  eight  feet  is  composed  of  a 
thinly  bedded,  brittle,  white  limestone  while  the  lower  four  feet 
developed  comprises  heavier  beds  of  gray  to  buff  limestone. 
The  upper  beds  in  their  entirety  along  with  the  spalls'  from 
the  lower  beds,  are  put  through  the  crusher,  while  the  lower 
beds  supply  some  rubble  stone.  The  stone  is  hoisted  by  der- 
ricks and  dropped  directly  into  a  Brennan  crusher  (Blake  type, 
jaws  in  three  parts  working  separately).  The  crushed  product 
is  elevated  to  a  cylindrical  screen  and  sized,  the  screened  prod- 
uct falling  directly  into  storage  bins  from  which  it  is  loaded  into 
cars.    The  output  is  used  to  a  large  extent  locally. 

The  LeClaire  Stone  Company  has  a  plant  just  west  of  the 
GrommoU  quarry.  The  pit  has  been  opened  to  a  depth  of 
about  twenty  feet.  The  section  is  the  same  as  the  preceding, 
save  that  the  lower  beds  are  more  important  and  furnish  a 
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good  grade  of  rubble  and  some  range  stone.  The  beds  are 
gray-bine  in  color  and  range  from  eight  to  sixteen  inches  in 
thidmess.  The  bedding  planes  are  not  very  apparent.  The 
plant  is  equipped  -with  steam  drills,  steam  hoists,  and  two 
Grates  crushers.  Both  plants  produce  a  superior  grade  of 
crashed  stone,  and  practically  no  stripping  is  required  at 
either  plant. 

At  Linwood,  east  of  Buffalo  and  north  of  the  railroad  tracks, 
the  Linwood  Quarry  Company  installed  a  crusher  plant  a  few 
years  ago  and  is  producing  crushed  stone  only.  The  pit  shows 
much  shattered  beds  of  white  to  shaly  limestone.  In  places 
the  color  of  the  stone  is  somewhat  variegated.  The  plant  is 
equipped  with  a  Blake  crusher  and  a  number  5  Austin  crusher, 
and  the  necessary  trackage  and  derricks.  A  small  amount  of 
rubble  is  produced. 

A  crusher  plant  was  opened  some  years  ago  just  west  of 
Buffalo  on  the  Clark  farm.  The  stone  developed  is  similar  to 
that  at  linwood  but  appears  to  be  less  shaly.  The  plant  is  one 
of  the  largest  in  the  state,  having  a  capacity  of  100  yards  per 
hour,  and  is  equipped  with  a  number  7%  and  a  number  5  Austin 
crusher.  The  plant  is  well  housed  and  is  supplied  with  a  full 
complement  of  up-to-date  machinery.  The  stone  is  loosened  by 
drilling  and  heavy  charges  of  dynamite.  Compressed  air  is 
used  in  drilling.  The  stone  is  loaded  into  cars  having  a  capacity 
of  two  yards  and  drawn  by  a  rope  up  an  incline  to  the  crusher. 
Most  of  the  output  is  taken  by  the  Chicago,  Bock  Island  and 
Pacific  Railway  for  ballast. 

The  Wapsipinicon  stage  of  the  Devonian  has  produced  and  is 
capable  of  producing  some  very  good  dimension  stone  and 
dressed  stone,  especially  rock-faced  ashlar.  Trinity  church, 
Davenport,  is  an  example  of  the  stone  obtaiiied  from  the  upper 
Davenport  beds,  while  the  cathedral  of  the  Protestant  Episcopal 
church  was  built  from  stone  obtained  from  the  Lower  Daven- 
port beds. 

The  Middle  Devonian  beds  as  represented  by  th^  Cedar 
Valley  limestone,  are  for  the  most  part  too  argillaceous  to 
afford  building  stone  of  good  quality.     Several  of  the  lower 
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layers  furnish  stone  of  fair  quality  and  several  quarries  have 
been  opened  to  develop  them,  the  most  important  of  which  are 
located  near  Buffalo.  One  of  the  most  extensive  quarries  is 
located  on  the  southwest  quarter  of  section  13,  Buffalo  town- 
ship.  The  beds  worked  are  as  follows: 


2.  Limestone,  hard,  gray,  subcrystaUine,  fosslliferous,  in  hori- 
zontal layers  ranging  from  four  to  nine  inches  in  thick- 
ness          7 

1.  Limestone,  argillaceous,  blue  weathering  buff,  upper  nine 
feet  highly  encrinal,  main  Joints  run  north,  35  degrees 
east  and  do  not  continue  upward  into  number  2 14 

The  other  quarries  of  the  township  present  very  similar  sec- 
tions. Most  of  the  stone  quarried  was  used  for  river  improve- 
ment work  by  the  government.  Some  has  been  used  for  road 
work  and  rough  masonry. 

SHELBY  COUNTY. 
Sand  and  Gravel. 

Shelby  county  is  wholly  within  the  loess-covered  Kansan 
drift  area.  The  Nishnabotna  is  the  most  important  stream  and 
flows  in  a  wide  valley  across  the  county  from  north  to  south. 
This  stream  is  in  its  meander  stage  and  has  done  but  little 
work  in  sand  and  gravel  accumulation.  The  subloessial  sands 
have  been  exploited  from  time  to  time  in  the  vicinity  of  Harlan 
on  the  east  bluflf  of  the  river.  The  sands  are  of  the  usual 
character,  are  fine-grained  and  carry  considerable  clay,  and 
are  all  highly  iron-stained.  Formerly  some  coarser  material 
was  obtained  from  a  pit  on  Elk  creek  two  miles  north  of  Kirk- 
man  along  the  Harlan  branch  of  the  Chicago  and  North  West- 
ern Railway.  Small  quantities  of  sand  are  obtained  from  some 
of  the  creek  channels,  but  the  bulk  of  the  sand  and  all  of  the 
gravel  is  shipped  in  from  the  Platte  river  in  Nebraska,  Rac- 
coon river  in  Des  Moines  and  vicinity,  and  from  near  Lanes- 
boro  in  Carroll  county. 

Nishnabotna  river  has  remnants  of  a  terrace  from  Harlan 
to  Oakland,  in  Pottawattamie  county.  A  brief  description  of 
this,  together  with  a  generalized  section,  is  included  in  the 
report  on  that  county. 
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SIOUX  COUNTY. 
Sand  and  Gravel. 

Sioux  county  is  well  supplied  with  gravel  and  sand  deposits. 
There  is  an  almost  continuous  terrace  along  Big  Sioux  river 
entirely  across  the  county,  which  affords  enormous  quantities 
of  water-deposited  materials.  Rock  and  Floyd  rivers  and  other 
smaller  streams  also  have  gravel  terraces. 

Some  of  the  streams  have  cut  through  the  veneer  of  loess, 
which  covers  the  whole  county,  and  have  in  many  places  ex- 
posed gravel  and  sand  which  are  of  much  importance  locally. 
Sand  and  gravel  bars  in  the  streams  also  furnish  large  amounts 
of  road  and  concrete  materials. 

Terrace  Gravels. — So  far  as  terrace  gravels  are  concerned, 
the  Big  Sioux  is  the  important  stream  of  Sioux  county.  There 
is  an  almost  continuous  terrace  along  it  entirely  across  the 
county. 

Beside  the  road  at  the  southwest  corner  of  section  9,  Settlers 
township,  is  an  exposure  of  old  iron-stained  gravel  underlain 
by  sand.  The  pebbles  are  very  much  decayed,  and  the  whole 
is  deeply  iron-stained  and  firmly  cemented  throughout.  This 
is  some  forty  feet  or  so  above  the  river.  Two  or  three  hun- 
dred yards  southwest  of  the  schoolhouse  a  gully  some  ten  feet 
deep  has  exposed  practically  the  same  material.  In  the  latter 
place  the  top  of  the  gravel  is  perhaps  fifteen  or  twenty  feet 
above  water.  This  gravel  is  in  every  respect  the  same  as  that 
seen  along  the  Big  Sioux  throughout  its  course  in  Lyon  county 
except  that  here  there  seems  to  be  a  larger  proportion  of  sand 
and  that  the  classification  is  more  complete.  The  river  has 
cut  down  through  the  old  gravels  and  left  a  bench,  on  the 
edge  of  which  the  exposure  in  the  road  noted  above  is  located. 
The  latter  exposure  is  right  in  the  present  flood  plain,  and  the 
gravels  are  covered  by  three  to  four  feet  of  alluvium.  A  short 
stretch  of  road  north  of  the  schoolhouse  has  been  surfaced  with 
this  gravel,  and  is  in  excellent  condition. 

From  Beloit  to  Elm  Springs  the  terrace  is  almost  continuous 
and  will  average  a  quarter  of  a  mile  or  more  wide.     Other 
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than  the  exposure  at  the  southwest  corner  of  section  9,  there 
are  several  localities  between  that  point  and  Elm  Springs  which 
show  the  same  material.  In  the  upper  bench  the  gravel  is 
covered  to  a  depth  of  two  or  three  feet,  and  in  the  flood  plain 
of  the  river  the  covering  over  the  gravels  is  on  the  whole 
perhaps  a  little  deeper. 

On  the  east  bank  of  the  river  just  south  of  the  southwest 
comer  of  section  25,  Settlers  township,  the  Big  Sioux  has  cut 
back  into  the  high  terrace,  here  forty  feet  above  water,  and 
has  exposed  the  full  depth  of  the  terrace  gravels.  The  lower 
limit  is  marked  by  a  spring  line  twenty-two  feet  above  water 
level,  leaving  eighteen  feet  as  the  depth  of  the  gravels.  The 
section  shows  all  sorts  and  sizes  of  material  from  coarse  sand 
up  to  bowlders  more  than  a  foot  in  diameter  dumped  in  helter- 
skelter.  The  whole  is  deeply  iron-stained  and  the  large  granite 
bowlders  are  in  an  advanced  stage  of  decay  and  fall  to  pieces 
with  a  light  stroke  of  the  hammer.  This  material  corresponds 
in  every  respect  to  the  gravels  which  are  exposed  so  often  along 
the  river  in  Lyon  county  and  thus  far  in  Sioux. 

Practically  all  of  section  36  and  half  or  more  of  section  25  are 
on  the  bench  in  which  these  gravels  occur.  But  near  the  middle 
of  the  west  side  of  section  25  a  gully  some  eight  or  ten  feet  deep 
has  failed  to  expose  gravel.  Its  walls  exhibit  nothing  but  a  loess- 
like substance  which  grades  downward  into  a  rusty  material 
which  is  half  clay  and  half  sand,  and  rests  upon  blue. clay.  This 
is  in  the  same  bench  in  which  the  gravels  occur  farther  south. 

East  of  Hudson,  South  Dakota,  on  the  Iowa  side,  is  a  wide 
plain  at  the  junction  of  Big  Sioux  and  Rock  rivers.  This  plain 
has  an  area  of  nine  or  ten  square  miles  and  is  perfectly  level 
between  the  flood  plains  of  the  two  rivers.  The  Chicago,  Mil- 
waukee and  Saint  Paul  Railway  has  a  pit  on  this  terrace  in  the 
southwest  comer  of  section  8,  Grarfield  township.  This  opening 
shows : 


Soil  and  alluvium 1-2 

Gravel,  medium;  few  pebbles  over  1  inch  diameter;  very  clayey 
.  above  and  iron-stained  below;  sand  layers  of  varying  thick- 
ness interbedded ;  horizontally  stratified 4. 

Gravel,  very  coarse,  pebbles  ranging  up  to  1  foot  or  more  in 
diameter,  exposed   5 


SIOUX  COUNTY  559 

This  gravel  is  being  removed  by  a  steam  shovel  and  is  used 
for  ballast,  as  much  as  a  hundred  cars  per  day  having  been 
taken  out.  Water  is  reached  at  the  bottom  of  the  present  open- 
ing. These  same  gravels  may  be  seen  in  a  shallow  road  cut  in 
the  center  of  section  17,  Garfield  township,  just  on  the  edge  of 
the  terrace  where  it  has  been  cut  down  by  Kock  river. 

It  is  highly  probable  that  the  whole  of  this  area  is  underlain 
by  these  gravels.  Except  for  a  hill  a  quarter  section  or  so  in 
extent  in  the  middle  of  section  8  the  surface  is  perfectly  flat  and 
the  problem  of  opening  the  gravels  is  an  easy  one.  These  are 
not  the  same  gravels  as  are  found  in  the  Big  Sioux  terrace  as 
seen  so  far,  but  correspond  more  closely  to  the  deposits  along 
Bock  river. 

At  Fairview,  on  the  Dakota  side  of  the  river  between  Hudson 
and  Elm  Springs,  is  a  pit  which  has  been  worked  by  the  railroad. 
It  is  not  now  being  operated,  but  large  quantities  of  surfacing 
material  have  been  removed  in  the  past. 

Between  Hudson  and  Hawarden  the  river  terrace  is  not  at  all 
prominent.  In  only  a  few  places  is  the  gravel  visible,  and  then 
the  exposures  are  far  from  being  satisfactory.  Three  miles 
north  of  Hawarden,  where  the  bench  can  be  observed  most 
closely,  it  is  covered  with  several  feet  of  alluvium. 

In  and  about  Hawarden  the  terrace  gravel  has  been  opened  in 
many  places.  Two  pits  in  the  northwest  part  of  town  exhibit  a 
section  as  follows : 

FEET. 

Soil,  sandy 2-3 

Gravel,  fine,  Interbedded  with  coarse  sand;   roughly  stratified 
and  somewhat  cross-bedded 3 

Gravel,  fine  above,  grading  into  coarser  below;  pebbles  up  to  2 
or  3   inches  in  diameter;   somewhat  iron-stained 2-3 

Ck>arse  sand  and  fine  gravel  intermixed  and  cro6s-bedded 3 

Coarse  gravel  to  bottom. 

This  detailed  section  was  taken  in  the  Briggs  pit.  The  rail- 
road pit  just  adjoining,  which  is  worked  occasionally,  shows  the 
same  materials.  Except  for  some  iron  stain  which  occurs  prac- 
tically, all  through  the  section,  the  gravel  is  clean  and  bright.  The 
pebbles  are  principally  greenstone,  quartzite  and  granite,  and 
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are  hard^  and  fresh.    Boad  material  has  been  taken  from  here, 
and  gravel  is  now  being  used  for  concrete. 

Some  of  the  material  stripped  from  the  top  of  these  gravels 
has  been  used  on  the  streets  in  Hawarden,  and  a  more  abomin- 
able road  stock  could  hardly  be  conceived.  Many  of  the  streets 
are  so  dusty  in  summer  as  to  be  hardly  passable,  and  the  sur- 
face is  very  soft.  Some  of  the  streets  have  been  surfaced  with 
gravel  and  are  in  good  condition. 

Along  Rock  river  in  Sioux  county  the  same  terrace  as  noted 
in  Lyon  county  continues.  A  small  abandoned  sand  pit  near  the 
northwest  corner  of  section  15,  Grarfield  township,  shows  about 
three  feet  of  fine,  clean  sand  and  gravel,  covered  by  two  feet  of 
alluvium.  There  are  perhaps  a  hundred  acres  in  this  portion 
of  the  bench.  Along  the  river  in  the  northwest  comer  of  section 
10,  Garfield  township,  some  two  or  three  hundred  yards  south 
of  the  railroad  bridge,  fine  gravel  and  sand  may  be  seen  in  the 
river  bank.  Fully  two  feet,  and  probably  more,  are  exposed 
here  under  two  feet  of  alluvium.  The  top  of  the  bank  is  some 
twelve  feet  above  the  water  level. 

Fine  gravel  and  dirty  sand  are  to  be  seen  on  the  north  side  of 
a  small  creek  at  the  northwest  corner  of  section  2,  Garfield 
township.  A  litle  farther  north,  along  the  road  between  sections^ 
34  and  35,  Sioux  township,  is  an  opening  in  the  bench  showing: 

FEET. 

Gravelly  soil   2 

Gravel  and  sand,  becoming  finer  below 3-4 

This  portion  of  the  terrace  probably  corresponds  to  the  one 
of  much  larger  extent  just  east  of  Hudson,  and  has  an  area  here 
of  some  two  hundred  acres  or  so. 

The  terrace  continues  very  much  the  same  on  to  Eock  Valley, 
which  town  is  situated  almost  wholly  upon  it.  An  exposure  in 
the  southwest  part  of  the  town  at  the  edge  of  the  creek  and  north 
of  the  main  line  of  the  railroad  shows  some  six  or  eight  feet  of 
very  fine  gravel  grading  into  sand  below  and  covered  by  two 
feet  of  black  soil.  Practically  this  same  material  is  found  in 
excavations  for  cellars,  etc.,  in  Rock  Valley.  The  depth  of  the 
alluvial  covering  is  as  high  as  five  feet  in  places. 
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Between  Bock  Valley  and  Doon  in  Lyon  county  the  same  fine 
gravels  are  exposed  in  many  places.  The  cover  of  alluvium 
varies  in  depth,  which  is  as  high  as  ten  feet  in  places.  The 
gravels  grow  coarser  up  the  river,  as  might  be  expected  from 
their  manner  of  deposition. 

Floyd  river  affords  gravel  for  road  and  concrete  purposes 
throughout  all  of  its  course  in  Sioux  county.  A  more  or  less 
continuous  terrace  some  twenty  feet  above  water  level  in  the 
Floyd  can  be  followed  most  of  the  way,  and  is  particularly 
prominent  between  Hosper  and  Alton.  The  largest  opening 
in  this  terrace  is  at  the  former  place,  where  sand  and  gravel 
are  being  used  for  cement  products.  The  section  here  shows 
clean,  fine  gravel  and  sand,  stratified  horizontally,  lying  beneath 
a  cover  which  varies  in  depth  from  zero  to  three  feet.  The  top 
of  the  terrace  is  fifteen  to  eighteen  feet  above  the  Floyd,  and 
there  are  twenty  to  twenty-five  acres  in  the  bench  in  which  the 
pit  is  located. 

•  Both  north  and  south  of  Hosper  along  the  river  exposures  of 
this  same  bench  gravel  may  be  seen.  A  few  places  at  which 
openings  have  been  made  are  in  the  middle  of  the  west  side  of 
section  23,  near  the  northeast  corner  of  section  27,  and  where  the 
river  crosses  the  north  line  of  section  34,  all  in  Lyon  township ; 
in  the  southwest  comer  of  section  9,  the  middle  of  the  east  side 
of  section  17,  at  the  intersection  of  the  river  and  the  north  line 
of  section  29,  and  near  the  southwest  corner  of  section  30,  all 
in  Floyd  township.  At  the  bridge  on  the  east  line  of  section  35, 
Floyd  township,  is  a  small  open  pit  which  furnishes  gravel 
and  sand  for  the  neighborhood.  This  exposure  shows  inter- 
mixed and  interbedded  sand  and  gravel  which  correspond  quite 
closely  to  the  beds  exposed  at  Hosper,  described  above.  Another 
very  similar  section  may  be  seen  just  east  of  the  bridge  in  the 
north  edge  of  Alton. 

South  of  Alton  to  the  county  line  the  pronounced  terrace  which 
is  so  much  in  evidence  northward  toward  Hosper  is  not  at  all 
conspicuous.  There  are  several  openings  of  gravel  in  this  vicin- 
ity that  will  be  discussed  under  another  head. 

36 


562  ROAD  AND  CONCRETE  MATERIALS  IN  IOWA 

Other  Stream  Gravels. — ^Along  some  of  the  streams  in  Sioux 
coimty  may  be  found  exposures  of  gravel  which  quite  certainly 
are  not  of  Wisconsin  age,  yet  whose  exact  location  stratigraphi- 
cally  is  a  disputed  question.  Mention  has  been  made  of  certain 
deposits  in  northwestern  O'Brien  county  called  morainic  by 
Macbride.  Gravels  that  may  correspond  to  these  have  been 
opened  in  several  places  in  the  vicinity  of  Alton.  Excellent  sec- 
tions of  these  gravels  may  be  seen  in  two  pits  in  southwest  1 
and  southeast  2  of  Nassua  township,  half  a  mile  southeast  of 
Alton.  In  the  former  place  are  exposed  ten  to  eleven  feet  of 
usable  gravel  and  sand,  well  interbedded,  but  not  cross-bedded. 
The  sand  element  is  predominant.  The  cover  is  loess  or  wash 
and  varies  in  depth  from  two  to  six  or  eight  feet.  There  is  a 
considerable  amount  of  clay  in  the  upper  beds,  but  the  lower 
appear  to  be  composed  of  clean  and  sharp  sand  and  gravel.  The 
beds  as  a  whole  maintain  a  vertical  face  with  but  little  sliding, 
being  in  places  quite  firmly  cemented  with  calcite.  So  stable  are 
the  beds  that  swallows  have  built  nests  in  burrowings  in  the 
upper  portion.  Large  bowlders,  even  up  to  one  and  a  half  and 
two  feet,  not  in  great  numbers,  but  plentiful,  are  sprinkled  here 
and  there  throughout.    Quartzite  is  common  among  these. 

Very  similar  material  may  be  seen  in  a  bend  of  the  river  in 
southeast  15,  Nassua  township.  At  this  place  the  loess  covering 
is  as  much  as  ten  feet  deep  in  places. 

Gravels  occurring  along  the  West  Floyd  and  the  upper  reaches 
of  Six  Mile  creek,  north  of  Ireton,  seem  to  come  under  this  cate- 
gory. They  possess  the  same  general  characteristics  as  those 
mentioned  above.  In  almost  every  case  the  deposits  show  fine 
gravel  and  sand  of  varying  degrees  of  purity  grading  into  more 
or  less  clean,  sharp  sand  below.  Deposits  of  this  kind  may  be 
seen  in  southwest  17,  west  20  and  southwest  19  of  Center  town- 
ship, and  in  several  places  along  the  West  Floyd  west  of 
Maurice. 

In  relation  to  these  latter  gravels.  Prof.  I.  A.  Williams  re- 
marks, ''The  gravels  certainly  bear  no  relation  to  any  recent 
stage  of  the  streams,  except  as  the  latter  have  gratuitously  and 
fortuitously  called  attention  to  their  location,  and  in  places 
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partly  uncovered  them,  in  their  meanderings.  They  seem  to  be 
well  developed  portions  of  the  beds  that  quite  universally  under- 
lie the  loess  in  Lyon  and  Sioux  counties  into  which  the  streams 
have  cut.'' 

Reworked  Materials. — Along  the  Big  Sioux  are  many  sand 
and  gravel  bars  much  the  same  as  mentioned  in  Lyon  county. 
Perhaps  the  one  of  prime  importance  is  that  at  the  union  of 
Dry  creek  with  the  Big  Sioux  at  Hawarden,  now  being  worked 
by  the  Hawarden  Sand  and  Gravel  Company.  This  company 
has  a  lease  from  the  Government  on  a  big  bar,  in  which  perhaps 
eight  or  ten  acres  are  still  workable.  The  sand  and  gravel,  which 
will  average  about  eighteen  feet  deep,  are  removed  by  means  of 
a  centrifugal  pump. 

The  waste  product  obtained  by  screening  and  washing  the 
''pump  run*'  would  make  an  excellent  road  material. 

There  are  also  bars  of  various  sizes  along  Bock  river  and 
some  other  streams,  but  none  of  these  are  really  important. 

STORY  COUNTY. 
Sand  and  Gbayel. 

The  sand  and  gravel  deposits  of  Story  county  are  of  the  two 
classes  found  so  generally  in  those  counties  covered  by  the  Wis- 
consin drift,  viz.,  stream  terraces  and  pockets  in  the  drift  hills. 
The  former  appear  along  Skunk  river,  its  leading  tributary, 
Squaw  creek,  and  Indian  creek.  Gravel-bearing  knobs  are  most 
common  in  the  vicinity  of  the  Altamont  and  Gary  moraines. 

Stream  Terraces. — ''Contemporaneous  with  the  heaping  up 
of  glacial  debris  at  the  end  of  the  ice  were  certain  streams  is- 
suing from  the  melting  ice.  These  surcharged  streams  were 
competent  to  carry  coarse  sand,  gravel  and  even  bowlders  of 
small  size,  which  were  redeposited  over  the  flood  plains  of  the 
then  existent  streams  in  their  lower  courses.  These  gravel  beds 
and  bars  have  been  removed  in  part  since  the  retreat  of  the  ice, 
and  broad  benches  or  terraces  are  the  result.  A  system  of  ter- 
races has  its  beginning  at  the  Walnut  creek  moraine  (a  series 
of  morainal  hills  marking  a  temporary  halt  in  the  retreat  of  the 
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ice).  Cambridge,  on  Skank  river,  and  Maxwell,  on  Indian 
ereek,  are  built  on  terraces  belonging  to  this  system  and  attain- 
ing heights  of  twenty-five  and  twenty  feet  above  the  flood  pl^ns 
of  the  respective  streams, 

"Terraces  continue  northward  on  East  Indian  creek  to  the 
three  forks  in  sections  13  and  14  in  Nevada  township,  where 
they  have  a  height  of  twenty-five  feet  above  the  flood  plain  and 
are  composed  of  very  coarse  materials ;  much  coarser  than  at 
Maxwell.  The  equivalent  terrace  was  not  recognized  on  the 
west  fork  of  the  Indian. 

"Along  the  Skunk  the  Walnut  creek  terrace  may  be  traced 
northward  to  the  creek  of  the  same  name,  where  it  is  super- 
seded by  a  younger  terrace,  the  contemporary  of  the  Gary  mo- 


FiQ.  54 — Qravel  pit,  Skunk 


Soper'a  Mill,  Story  countr. 


raine.  (The  Gary  moraine  represents  a  similar  halt  to  that, 
which  formed  the  Walnut  creek  moraine,  and  is  younger  than 
the  latter.)  The  gravel  train  produced  by  the  Gary  reaches  its 
maximum  development,  both  areally  and  vertically,  in  the  vidn- 
ity  of  Ames  along  both  Skunk  river  and  Squaw  creek.  At 
Sopef 's  mills  the  Gary  terrace  rises  twenty  fe«t  above  the  flood 
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plain ;  at  Ames  it  rises  thirty  feet,  after  which  it  grades  down 
gradually  to  ten  feet  in  southern  Grant  township,  and  finally 
merges  into  the  Walnut  creek  bench. 

**The  towns  of  Ames  and  Cambridge  are  built  on  gravel  bars 
located  at  the  confluences  of  Squaw  and  Ballard  creeks  respect- 
ively with  Skunk  river.  Eecords  of  wells  put  down  at  these 
points  show  a  series  of  sands  and  gravels  separated  by  heavy 
beds  of  clays  and  silts. '* 

At  Maxwell  and  at  Ames  the  terrace  gravels  were  formerly 
developed  by  the  railroads,  but  these  pits  are  now  abandoned. 

Stream  Channel  Deposits. — Sand  in  every  way  suitable  for 
building  purposes  and  for  plaster  is  found  in  nearly  all  of  the 
stream  channels.  The  extensive  sand  flats  along  the  Skunk 
furnish  unlimited  quantities  of  sand  adapted  to  the  rougher 
grades  of  masonry. 

Morainal  Gravels. — ^Away  from  the  streams  numerous  knobs 
and  kamelike  aggregations  furnish  great  quantities  of  material 
suitable  for  road  making.  Sand  usable  for  building  purposes 
may  also  be  found  in  these  knobs,  which  are  often  prominent  in 
the  morainal  regions  of  the  Wisconsin. 

Stone. 

Story  county  is  poorly  supplied  with  stone  suitable  for  struc- 
tural purposes.  The  Saint  Louis  limestone  affords  a  limited 
quantity  of  stone  adapted  to  foundation  work  and  use  in  the 
rougher  grades  of  masonry.  The  rock  is,  as  a  rule,  highly  ab- 
sorbent and  does  not  stand  frost  well.  Its  earthy  buff  to  gray- 
buff  color  gives  it  a  dull,  somber  appearance  which  increases 
rapidly  on  exposure  on  account  of  the  readiness  with  which  it 
takes  up  foreign  matter.  Some  quarrying  has  been  done  at 
nearly  every  one  of  the  outcrops  in  the  county,  though  in  no  in- 
stance does  the  annual  output  of  any  single  quarry  exceed  a  few 
dozen  cords  of  rough  stone.  The  ledges  developed  are  practi- 
cally the  same  at  all  points  and  are  confined  to  Skunk  river 
between  Bloomington  and  Soper's  mill,  and  to  Onion  creek,  a 
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tributary  of  Squaw  creek,  northeast  of  Ontario.  The  section  ex- 
posed north  of  Hannom's  mill  may  be  considered  a  fair  average 
for  the  Skunk  river  district,  and  is  as  follows: 


6.    Till,  pale  yellow;   unoxldlzed  and  unleaehed 0-6 

6.  TIU,  DXldtsed  to  a  deep  reddlsb  brown  and  thoroughly 
leached;  much  weathered  UmeBtone  and  many  decayed 
granite  bowlders,  and  numerouB,  tolerably  tresb  green- 
Btonei  present  1-3 

4.    LimeBtone,  residual;  reduced  to  an  Iron-atalned,  cavernous 

chert    1 

3,  Limestone,  arenaceous,  where  unaltered,  a  blulBh  gray,  but 
weathering  stains  It  a  yellowish  brown;  not  thoroughly 
Indurated,  though  when  unweathered  presents  a  masslTe 
appearance   & 

2.  Sandstone,  tdulsb  gray;  Bhaly,  presfentB  a  fissile  character 
alter  being  exposed  to  the  weather,  and  forms  a  marked 
reentrant  In  the  quarry  face 3 

1.  Limestone,  Impure,  buff  to  earthy  yellow,  grayJ>uft  when 
unweathered,  heavy-bedded,  compact;  lithographic  In 
part,  chief  Quarry  stone;  exposed S 

At  the  Bloomington  quarries  more  of  number  1  is  exposed. 

Several  outcrops  of  the  Saint  Louis  may  be  observed  along 

Onion  creek  in  section  32,  Franklin  township.    The  beds  exposed 
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attain  a  maximum  thickness  of  nearly  thirty  feet,  but  are  less 
constant  in  character  than  their  equivalents  along  Skunk  river. 
A  composite  section  representing  the  district  is  as  follows : 

FEBTT. 

7.    Drift  and  soil  of  variable  thickness,  in  places  reduced  almost 

to  zero,  but  thickens  greatly  in  the  blufPs 1-70 

6.  Liimestone,  thinly  bedded  and  much  weathered,  stratification 
planes  almost  entirely  eliminated;  in  places  grading  up- 
ward into  a  residual  clay 4 

5.    Limestone,  Impure,  yellowish  brown  or  gray-brown,  compact 

to  earthy,   heavy-bedded 7 

4.    Limestone,  finely  arenaceous  and  marly,  contains  beautifully 

preserved  mud  cfacks  and  ripple  marks  in  places 2 

3f.  Sandstone,  white  to  bluish  gray,  friable;  obliquely  lami- 
nated and  fissile;  readily  undermined  by  the  creek;  not 
persistent    1% 

2.    Limestone,  cherty  and  concretionary;  contains  much  limon- 

itic  iron    2 

1.    Sandstone,  argillaceous ;   becoming  shaly  below,  exposed . .      3 

Number  5  is  the  principal  bed  quarried,  and  the  rock  is  simi- 
lar to  that  in  the  Hannom's  mill  and  Bloomington  quarries.  All 
of  the  stone  exposed  in  Story  county  is  too  soft  for  road  work 
and  is  of  rather  poor  quality  for  concrete.  The  outcrops  are 
not  numerous  and  the  overburden  thickens  rapidly  from  the 
face  of  the  crops.  The  outlook  for  the  county  as  a  crushed  stone 
producer  is  not  encouraging. 

TAMA  COUNTY. 
Sand  and  Gravel. 

In  sharp  contrast  with  the  counties  which  border  it,  Tama 
county  is  practically  devoid  of  gravel.  Even  the  Buchanan 
gravels,  which  have  a  more  or  less  prominent  development  in 
some  of  the  neighboring  counties,  are  not  known  to  occur  in 
Tama.  On  the  hill  slopes  in  a  few  places  there  are  thin  sheets 
of  bowldery  gravels  overlying  the  Kansan  till  which  simulate 
the  Buchanan  gravels,  but  these  in  no  place  are  of  sufficient  im- 
portance to  constitute  workable  deposits.  Beds  of  this  kind 
may  be  seen  along  the  roadside  between  sections  13  and  14, 
Highland,  and  between  19  and  20,  Howard  townships. 

The  channels  of  all  the  larger  streams  of  the  county  are  bor- 
dered by  a  wide  belt  of  alluvium'.    Excavations  in  the  flood  plain 
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of  Iowa  river  reveal  about  four  feet  of  dark  colored,  fine-grained 
soil  at  the  top  resting  upon  a  bed  from  twenty  to  upwards  of 
thirty  feet  in  thickness  composed  of  yellow  clay,  sand  and 
graveh  This  bed  rests  upon  the  bowlder  clay  of  the  Kansan 
drift.  The  bottom  lands  of  Iowa  river  in  Tama  county  have 
a  total  area  of  almost  a  hundred  square  miles.  Large  quantities 
of  sand  suitable  for  building  purposes  are  taken  annually  from 
the  sand  flats  in  and  along  the  channel  of  this  stream. 

There  are  a  few  small  patches  of  gravel,  but  they  are  of  no 
economic  importance.  Gravel  two  or  three  feet  deep  and  cov- 
ering an  area  of  perhaps  forty  square  rods  is  present  on  the 
farm  of  Frank  Lewis,  three-quarters  of  a  mile  northwest  of 
Butlerville.  About  five  miles  east  of  Clutier,  in  southeast  13 
of  Oneida  township,  there  is  about  an  acre  of  land  uncultivated 
because  of  gravel.  There  are  no  deep  pits  here,  but  the  soil 
is  gravelly  to  a  depth  of  one  or  two  feet.  A  quarter  of  a  mile 
east  of  this  there  are  terrace  gravels  in  small  quantities,  and 
there  is  also  some  terrace  gravel  in  the  east  part  of  section 
24  of  the  same  township.  .  On  the  farm  of  Benjamin  Lorenzen 
in  the  latter  section  there  are  some  fifty  square  rods  unfit 
for  cultivation  because  of  the  presence  of  gravel.  Similar 
water-laid  material  is  reported  three  and  one-half  miles  south 
of  Traer,  in  Perry  township. 

Stone. 

While  the  Kinderhook  beds  are  believed  to  lie  immediately 
beneath  the  drift  over  practically  the  entire  county,  outcrops 
are  limited  to  a  comparatively  small  area  along  the  middle 
western  border. 

Essentially  the  same  members  which  have  been  noted  in  the 
better  sections  at  Quarry  and  LeGrand  in  Marshall  county  are 
exposed  in  Tama  county,  but  in  Tama  they  are  more  weath- 
ered. The  Stevens  quarry  near  the  southwest  corner  of  section 
8  of  Indian  Village  township,  about  one  and  one-fourth  miles 
west  of  Butlerville,  may  be  taken  as  fairly  typical.  The  section 
is  as  follows : 


TAMA  COUNTY 


STEVENS  QUARRY  SECTION'.  BUTLERVILCE. 


la.    Gray  crlnoldal  llmeetone  which  weathers  Into  thin  pleceg. .       1 
14.    Crlnoldal   limestone,  gray   In  color,   with  numerous  fossil 

fragmeats   \i^ 

13.    Fissile  limestone  In  thin  layers,  few  fossils 4 

12.    Brown   magnesian  limestone  with  layer  of  chert  nodules 

two  Inches  In  thickness  at  the  top % 

11.    Bed  of  rather  soft,  friable  sandstone,  much  water-seamed 

and  containing  numerous  chert  nodules,  fossils  tew 7 

10.  Arenaceo-magnestan  limestone,  flne-gratned  and  quite  hard, 
hrown  m  color,  layers  S  to  12  Inches  In  thickness:  con- 
taining casts  of  a  species  of  Chonetes,  Froductus,  Rhyn- 

chonella  and  Spirlfer 4 

9.    Bed  of  Incoherent,  brown,  flne-gralned  sand I14 

5.  Band  made  up  of  chert  nodules i/j 

7.    Impure  arenaceo-magneslan  limestone,  few  fossils I'/u 

6.  Bed  composed  largely  of  nodules  of  chert  carrying  a  layer 

of   sand,   3    Inches   in   thickness 1 

&.    Magneslan  limestone  containing  some  flne-gralned  yellow 

sand    lYi 

4.    Bed  similar  to  number  5  above 1^ 


574  ROAD  AND  CONCRETE  MATERIALS  IN  IOWA 

FEET. 

3.  Layer  of  massive  oolite  weathering  into  small  bits  and  bear- 
ing numerous  fossils  among  which  appear  Orthothetea 
crenistra,  Spirifer  hiplicatus,  Spirifer  cf.  extenuatus  and 
Strapnrollna  latua   7 

2.  Layer  similar  to  number  3  above  in  lithological  characters 

and  fossil  contents 4^ 

1.  Layer  of  light  gray  odlite  similar  to  numbers  2  and  3  above      3 

The  oolite  rests  on  the  argillaceous  sandstone  exposed  in 
other  sections  in  the  vicinity  and  at  the  base  of  the  northeast 
quarry  at  LeGrand.  The  beds  here  exposed  correspond  to  the 
coarse-  and  fine-grained  oolite  and  the  magnesian  limestone 
beds  of  the  Marshall  county  sections. 

West  of  Montour  in  the  southwest  corner  of  section  21,  In- 
'  dian  Village  township,  there  are  exposed  in  a  small  ravine: 

FEET. 

3.  Reddish  brown  clay,  pebbly 4 

2.  Oolite,  light  gray,  fossiliferous 6 

1.    Oolite,  similar  In  every  respect  to  number  2  above 3^ 

This  is  the  abandoned  quarry  of  the  Oxford  Lime  Company. 
The  oolite  was  formerly  used  in  the  manufacture  of  lime  and 
considerable  quantities  were  made  at  this  place. 

Other  sections  appear  along  Iowa  river  toward  LeGrand, 
and  along  Sugar  creek  in  Carlton  township  and  Deer  creek  in 
Spring  Creek  township.     No  new  facies  are  presented. 

The  upper  limestones  wherever  exposed  furnish  good  ma- 
terial for  road  and  concrete  work.  The  oolites,  on  the  other 
hand,  are  not  satisfactory  for  crushed  stone  products. 

TAYLOR  COUNTY. 
Sand  and  Gravex. 

Taylor  county  lies  wholly  within  the  loess-veneered  Kansan 
drift  area  and  contains  no  large  streams,  nor  streams  of  suflS- 
cient  length  to  head  back  into  the  Wisconsin  drift.  As  a  con- 
sequence, the  county  contains  but  little  sand  and  gravel.  A 
small  quantity  of  sand  occurs  in  the  stream  channels  but  not 
enough  to  merit  specific  mention.  The  interglacial  gravels 
are  as  a  rule  completely  concealed  by  the  loess  and  are  of  no 
consequence  for  road  and  concrete  work. 
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Stdne. 

There  seems  little  likelihood  that  the  quarry  interests  of 
Taylor  county  will  attain  any  important  development.  The 
county  is  universally  covered  with  glacial  materials,  and  the 
underlying  strata,  where  they  do  appear,  consist  largely  of 
shales  and  shaly  limestones.  Stone  has  been  quarried  at  but 
one  known  point  in  the  county,  viz.,  at  Bedford.  It  is  twenty 
years  since  this  quarry  was  worked  and  the  ledge  is  almost 
entirely  hidden  from  view.  The  stone  was  taken  from  about 
water  level  in  East  Hundred  and  Two  creek  at  a  point  100 
yards  north  from  the  railroad  station.  The  main  ledge  is 
about  ten  inches  thick  and  contains  abundant  Fusulinae.  It 
splits  very  easily  and  is  said  to  go  to  pieces  in  the  weather. 
These  qualities,  along  with  the  thick  overburden,  which  runs 
twenty  to  thirty  feet,  have  prevented  its  use. 

Thin  beds  of  limestone  have  been  exposed  in  the  banks  of  the 
Nodaway  in  the  northwest  corner  of  Dallas  township,  where 
they  occur  interstratified  with  much  greater  thicknesses  of  ar- 
gillaceous strata.  A  detailed  section  may  be  found  in  Geology 
of  Page  County.*  The  factors  just  enumerated  would  prevent 
the  utilization  of  these  beds  for  structural  purposes.  The  drift 
covering  is  more  than  ten  feet  in  thickness,  and  the  calcareous 
strata  are  of  poor  quality. 

UNION  COUNTY. 
Sand  and  Gravel. 

Union  county  has  sind  and  gravel  deposits  of  two  classes, 
viz.,  the  Aftonian  gravels,  which  underlie  the  Kansan  drift 
and  are  numbered  among  the  oldest  of  the  Pleistocene  deposits, 
and  the  recent  accumulations  of  sand  as  banks  and  bars  in  the 
streams. 

Aftonian  Gravels. — The  Aftonian  gravels,  so  named  because 
they  were  first  recognized  and  studied  at  Afton  Junction,  con- 
stitute the  most  important  resource  of  road  materials  within 
the  county.    This  deposit  lies  immediately  beneath  the  Kansan 

*Samuel  Calvin,  Iowa  Geol.  Survey,  Vol.  XI,  p.  423. 
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drift  and,  in  one  place  at  least,  rests  upon  the  limestone  of 
the  Missouri  stage.  There  are  three  prominent  exposures  of 
this  gravel-bearing  horizon  in  Union  county:  one  at  Afton 
Junction,  where  it  was  first  studied,  one  at  Thayer,  and  one 
at  the  ford  in  section  36  of  Pleasant  township. 

The  exposure  at  Afton  Junction  is  a  pit  opened  by  the  Chi- 
cago Great  Western  Railway  and  long  since  abandoned.  The 
gravel  is  deeply  iron-stained  and  badly  disintegrated,  and 
shows  all  the  signs  of  advanced  age.  Granite  bowlders  as  large 
as  a  man's  head  may  easily  be  crushed  in  the  hands,  and  the 
quartz  pebbles  are  stained  a  deep  red-brown.  All  sorts  and 
kinds  of  pebbles  may  be  found,  granite,  greenstone,  limestone, 
quartz,  gneiss,  and  these  are  in  all  stages  of  preservation.  In 
many  places  the  pebbles  are  so  firmly  cemented  together  as  to 
form  a  conglomerate  which  may  be  broken  with  a  hammer 
only  with  difficulty.  Pebbles  larger  than  three  inches  in  diam- 
eter are  common,  but  not  numerous.  Upwards  of  thirty  feet 
are  exposed,  covered  by  twenty  feet  or  so  of  bowlder  clay,  the 
open  face  being  perhaps  100  yards  long.  Large  quantities  of 
this  material  may  still  be  obtained  without  further  stripping, 
which  latter  operation  would  seem  to  be  quite  out  of  the  ques- 
tion. These  gravels  are  unfit  for  cement  or  concrete  work, 
but  will  probably  prove  satisfactory  for  road  surfacing. 

The  opening  at  Thayer  is  also  an  abandoned  railroad  pit, 
and  the  materials  have  all  the  characteristics  mentioned  above. 
Here,  however,  the  cover  is  deeper,  reaching  as  much,  as  forty 
and  fifty  feet  in  places,  and  not  so  much  material  is  still  avail- 
cible.  There  is  a  sufficient  amount  for  quite  extensive  local 
use,  and  it  will  doubtless  constitute  a  valuable  asset  in  highway 

* 

improvement. 

The  third  exposure  mentioned  is  not  so  large  as  either  of 
the  others.  The  maximum  thickness  is  not  to  exceed  twenty 
feet,  and  the  lateral  extent  is  but  a  few  rods.  The  gravel 
rests  on  a  gray-blue  limestone,  into  whicih  the  river  has  cut 
its  way,  and  is  covered  by  at  least  fifteen  feet  of  drift.  A 
short  distance  upstream  from  the  ford  two  small  streamlets 
empty  into  Twelve  Mile  creek.    Between  these  is  a  flat  bench 
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/ 


Perlifii^ps  twenty  or  thirty  acres  in  extent,  along  the  west  edge 
^f  ^^rliieh  these  old  gravels  appear  for  some  distance.  Their 
position  is  marked  by  a  definite  spring  line,  and  the  gravels 
^I>I>^skT  to  be  quite  persistent.  The  cover  seems  hardly  so 
de^I>  here  as  at  the  other  places  mentioned.  At  this  place 
ttxe  gravel  contains  a  large  percentage  of  clay,  so  much  that 
^^    «^      little  wet  it  can  easily  be  packed  into  balls  in  the  hands. 


^9vorked  Materials. — ^In  many   of  the   streams   of  Union 

coxirx-fcy  sand  and  gravel  bars  are  quite  common,  and,  for  local 

p^x-5>oses   at  least,  constitute  a   readily  accessible   source   of 

^^Y>I>ly.    Along  Four  Mile  creek  from  Thayer  to  its  union  with 

^^^•x=i.<i  river  beds  of  sand  in  the  stream  channel  are  common. 

Thi^     gaud  is,  for  the  most  part,  somewhat  dirty,  but  in  places 

18  cil^an  and  bright.     It  is  quite  generally  used  for  cement 

^ox*!^  by  residents  of  the  neighborhood. 

^^•^^     Grand  river,  particularly  in  its  lower  course  in  the  county, 

saix<3^     bars  occur  frequently.    Beside  the  road  near  the  middle 

^^   ^  ^^ction  2,  Pleasant  township,  is  a  large  bar  which  is  used 

^     ^iie  owner  and  his  neighbors  for  cement  work,  but  which 

^^^»        however,  been  rejected  as  material  for  concrete  bridges 

e  neighborhood.     Farther  up  the  river  the  bars  contain 

asing  amounts  of  mud  and  silt. 


m 
inc 


eoc^ 


ese  sand  and  gravel  bars  are  not  at  all  important  as 
<2es  of  material  for  bridge  and  highway  purposes,  and 
^       ^^^  "•ically  all  of  these  materials  are  shipped  in. 

VAN  BUREN  COUNTY. 
•Sand  and  Gravel. 

1  of  the  sand  and  gravel  deposits  of  Van  Buren  county 

onfined  to  Des  Moines  river  and  a  few  of  its  tributaries. 

e  occur  both  as  terraces  and  as  beds  and  bars  in  the  river 

nel  and  bottoms,  the  latter  being  of  considerable  more 

^^rtance  than  the  former. 

ream  Terraces. — The  most  marked  development  of  terraces 
iiie  county  is  in  the  Keosauqua  ** ox-bow"  in  Des  Moines 

87 
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river.  In  this  area  eight  well-marked  terraces  have  been  de- 
termined, reaching  up  to  an  elevation  of  145  feet  above  the 
level  of  the  river.  These  are  composed  of  sands,  gravels  and 
silts  deposited  by  the  river,  and  mark  the  several  phases  in 
the  development  of  the  river  valley  as  it  now  exists. 

Stream  Channel  Deposits, — Sand  may  be  had  in  abundance 
along  all  of  the  larger  streams  of  the  county.  A  short  dis- 
tance east  of  Farmington  there  is  a  gravel  pit  from  which 
large  amounts  of  ballast  have  been  removed  by  the  Burlington 
Railroad.  The  greatest  depth  worked  is  about  eighteen  feet. 
Of  this,  the  top  eight  feef  are  coarse  gravel  and  the  remainder 
a  coarse  beautifully  cross-bedded  sand  containing  some  pebbles. 
Directly  south  of  here  is  a  second  pit  worked  by  the  Eock 
Island  Railway.  The  latter,  which  is  twelve  feet  deep,  was 
opened  in  1878  and  has  furnished  ballast  for  some  twenty-five 
miles  of  track. 

Stone. 

Both  the  Upper  and  Lower  Carboniferous  series  are  repre- 
sented in  the  rocks  of  Van  Buren  county;  the  former  by  the 
Lower  Coal  Measures  or  the  Des  Moines  stage  and  the  latter  by 
the  limestones  of  the  Saint  Louis,  the  shales  and  limestones  of 
the  Keokuk  and  the  Montrose  cherts  of  the  Burlington  substage. 
Exposures  occur  chiefly  along  Des  Moines  river  and  its  trib- 
utaries, although  a  few  outcrops  of  the  Saint  Louis  are  to  bo 
seen  along  Cedar  creek  and  branches,  near  the  northeast  corner 
of  the  county. 

The  beds  belonging  to  the  several  stages  and  formations  bear 
the  customary  relations  to  each  other.  Between  the  Des  Moines 
and  the  Saint  Louis  is  a  major  unconformity  and  evidences  are 
to  be  observed  of  a  break  in  sedimentation  between  the  Saint 
Louis  and  the  Keokuk  beds.  A  marked  anticlinal  with  its  crest 
at  Bentonsport  brings  the  Burlington  cherts  into  view  in  the 
channel  of  Des  Moines  river  between  Bentonsport  and  Bona- 
parte. A  maximum  of  forty  feet  of  these  beds  is  exposed,  but 
they  disappear  both  to  the  north  and  south  within  narrow  limits. 
The  Burlington  consists  of  beds  of  chert  with  occasional  bands 


VAN  BUREN  COUNTY  579 

of  limestone  or  calcareous  shale  but  affords  in  this  county  no 
quarry  products. 

Keokuk  Beds. — This  member  is  exposed  along  the  Des 
Moines  from  the  mouth  of  Rock  creek  in  Washington  township 
to  the  southeast  corner  of  the  county.  It  is  found  exposed  in 
only  a  narrow  belt  along  the  river,  where  it  is  usually  overlain 
by  the  limestones  of  the  Saint  Louis..  The  formations  belong- 
ing to  the  Keokuk  substage  in  Van  Buren  county  consist  of 
the  Keokuk  limestone  below,  the  Geode  shales  and,  at  the  top, 
the  Warsaw  shales.  C.  H.  Gordon  writes  as  follows  regarding 
the  Keokuk  limestone,  its  distribution  and  character: 

The  Keokuk  limestone  makes  its  first  appearance  in  the  ex- 
treme southeastern  part  of  the  county  on  a  small  branch  on  the 
south  side  of  the  river.  About  six  or  eight  feet  are  exposed,  and 
quarried  to  a  limited  extent.  The  next  appearance  is  at  the 
mouth  of  Reed  creek,  where  about  ten  feet  of  bluish  gray  lime- 
stone, coarse,  subcrystalline  and  mostly  thin-bedded,  are  ex- 
posed. As  the  strata  rise  toward  the  west,  lower  beds  come  into 
view,  and  are  seen  well  up  in  the  bluff  below  Bonaparte,  with 
nearly  thirty  feet  of  the  Burlington  chert  beds  below.  The 
limestone  has  been  quarried  at  several  places  here,  but  it  con- 
tains large  quantities  of  chert.  Much  of  the  rock  is  also  shaly 
and  the  bedding  of  the  better  quality  of  rock  is  quite  variable. 
At  Bentonsport  at  one  time,  quarrying  was  carried  on  quite 
extensively.  The  principal  quarry  bed  is  from  five  to  eight 
feet  above  the  base  of  the  division  and  perhaps  represents  the 
same  ledge  as  that  quarried  at  Keokuk  and  there  termed  the 
'* white  ledge."  The  upper  layers  at  the  quarry  are  thinner. 
The  horizon  between  the  thicker  and  thinner  beds  is  marked 
by  a  series  of  undulations  of  one  of  the  beds  remarkable  for 
their  regularity.  The  vertical  interval  of  the  undulations  does 
not  exceed  ten  inches,  while  the  horizontal  interval  does  not 
vary  much  from  fifteen  feet  throughout  the  whole  extent  of  the 
quarry.  On  the  opposite  side  of  the  river  the  rocks  are  well 
exposed  for  some  distance  up  Bear  creek,  and  show  essentially 
the  same  characters  as  elsewhere  in  southeastern  Iowa.* 

The  limestone  has  been  quarried  at  a  number  of  points  in 
the  vicinity  of  both  Bonaparte  and  Bentonsport  but  most  ex- 

•Geologry  of  Van  Buren  County,  Iowa.  Iowa  Geologrlcal  Survey,  Vol.  IV,  p.  211. 
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tensively  at  the  latter  place,  i;^ere  the  follo.wing  is  the  approxi- 
mate section: 


7.    Geode  shales,  at  quarry  face 10+ 

6.    Argillaceous    limestone,    carrying    much   chert   and    some 

geodes    2 

5.    Blue-gray  limestone  in  thin  ledges  with  interbanded  black 

shale  and  numerous  chert  bands 8 

4.    Persistent  bed,  blue,  crystalline,  fosslliferous  limestone  with 

usually  a  band  of  chert V/^ 

3.    Calcareous,  dark  gray  shale 1 

2.    Heavy  bed,  clean,  blue-gray,  coarsely  crystalline 1% 

1.    Calcareous  shale. 

The  quarry  face  is  intermittently  open  in  the  bluff  above 
the  town  for  one-fourth  of  a  mile.  The  base  of  the  quarry  is 
about  forty  feet  above  water  in  the  river  and  twenty  feet  higher 
than  the  railway  track  which  runs  at  the  foot  of  the  bluffs. 
Numbers  2  and  4  only  have  been  used,  and  these  have  furnished 
stone  for  bridge  piers  and  riprap.  The  stone  has  not  proved 
very  durable  in  exposed  positions.  It  is  believed,  however, 
that  all  the  beds  might  be  used  for  crushed  stone  and  the  sit- 
uation is  suitable  for  such  an  industry.  The  exposures  are 
in  general  covered  with  the  geode-bearing  shales  and  heavy 
deposits  of  drift. 

Equivalent  beds  have  been  worked  by  the  Chicago,  Rock 
Island  and  Pacific  Railway  Company,  three-fourths  of  a  mile 
east  of  the  town,  but  they  are  no  longer  used. 

In  the  vicinity  of  Bonaparte  the  Keokuk  limestone  is  occa- 
sionally quarried  for  local  use.  The  following  layers  are  to 
be  seen  in  the  southeast  quarter  of  the  southwest  quarter  of 
section  9,  Bonaparte  township: 


3.    Drift  MO 

2.    Limestone,   blue,   irregular,   thin4)edded ;    intermixed   with 

layers  of  shale;  fosslliferous,  cherty 7% 

1.    Limestone,  blue,   hard,  cherty,   thick-bedded,  main  quarry 

rock;  exposed   6 

Farther  up  Mack  creek  the  fine-grained  yellow  limestone  ap- 
pears and  has  been  quarried  at  a  few  points. 

Gordon  thus  described  the  beds  of  the  Saint  Louis  stage  as 
they  occur  in  Van  Buren  county:* 

•Iowa  Geolog^ical  Survey,  Vol.  IV,  p.   214. 
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The  Saint  Louis  limestone  constitutes  the  uppermost  divi- 
sion of  the  Mississippian,  .  .  .  and  has  the  greatest  superficial 
extent  of  any  of  these  members  in  Van  Buren  county.  It  is 
generally  overlain  by  the  rocks  of  the  Des  Moines  stage  of  the 
Upper  Carboniferous.  .  .  .  The  maximum  thickness  in  Van 
Buren  county  probably  does  not  exceed  ninety  feet. 

In  lithological  characters  the  rocks  composing  the  formation 
show  great  variation.  In  general  they  present  a  three-fold 
division  consisting  of  (1)  brown  arenaceous  and  magnesian 
limestone,  (2)  brecciated  limestone,  and  (3)  gray,  compact, 
and  granular  limestone. 

Arenaceo-magnesian  Beds. — The  first  of  these  is  exposed  at 
many  places  along  the  Des  Moines  and  is  especially  well  devel- 
oped in  the  vicinity  of  Kilbourn  and  in  the  bluffs  below  Keo- 
sauqua.  It  consists  of  fine-grained  or  vesicular  magnesian 
limestone  in  rather  heavy  ledges,  which  grade  horizontally  into 
a  more  or  less  clearly  marked  arenaceous  rock  characterized  in 
places  as  a  sandstone.  A  large  percentage  of  the  rock,  how- 
ever, is  made  up  of  calcareous  matter,  and  hence  it  is  more 
properly  designated  as  an  arenaceous  limestone.  It  is  well 
developed  on  Price  and  Bear  creeks  where  it  furnishes  a  very 
good  quality  of  stone  for  building  purposes,  and  has  been 
quarried  quite  extensively  for  plates  and  sills.  This  bed  rep- 
resents that  quarried  at  Belfast  and  Keokuk.  It  constitutes 
the  upper  member  of  the  Warsaw  as  originally  defined.  The 
arenaceous  character  is  confined  generally  to  the  lower  part 
of  the  beds,  but  on  Bear  creek  as  well  as  elsewhere,  sand  forms 
the  larger  part  of  the  formation.  The  magnesian  limestone 
constitutes  the  most  generally  recognized  phase  of  the  division 
in  the  county.  When  first  removed  from  the  bed,  the  rock  is 
of  a  blue  or  drab  color,  but  it  soon  changes  to  a  rusty  brown 
by  the  oxidation  of  the  iron  which  it  contains.  .  .  .  The  mag- 
nesian rock  occurs  in  thick,  gently  undulating  beds,  and  is 
distinguished  by  a  more  or  less  concretionary  structure.  .  .  . 
In  places  these  beds  are  interrupted  by  the  brecciated  phase 
which  in  these  instances  is  in  direct  continuity  with  that  of 
the  overlying  bed.  The  thickness  of  the  arenaceo-magnesian 
beds  varies  from  ten  to  twenty-five  feet. 

Brecciated  Limestone  is  a  widely  recognized  phase  of  the  for- 
mation in  Iowa.  The  bed  is  made  up  generally  of  compact  and 
granular,  gray  limestones,  in  sharp  angular  fragments  of 
various  sizes  cemented  together  by  similar  calcareous  material. 
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Near  the  mouth  af  Reed  creek,  the  whole  of  an  exposure  sev- 
enty-five to  eighty  feet  in  height  shows  brecciation.  The  lower 
portion  represents  the  arenaceo-magnesian  bed  and  is  com- 
posed of  large  fragments  of  this  limestone  with  clay  filling 
the  interstices,  while  the  upper  part  is  made  up  of  the  compact 
and  granular  limestone  more  completely  cemented.  In  the 
vicinity  of  Keosauqua,  the  upper  portion  of  the  bed  contains 
more  or  less  arenaceous  material.  This  is  well  marked  on 
the  south  side  of  the  Des  Moines  above  the  town,  where  a  brown 
sandstone  ten  to  twenty  feet  thick  replaces  nearly  the  whole 
brecciated  division  and  is  overlain  by  limestone.  Two  or  three 
miles  below,  the  sandstone  varies  from  five  to  twenty-five  feet 
in  thickness  and  rests  upon  the  brecciated  bed,  while  it  is  over- 
lain by  the  compact  limestones  as  shown  in  the  bluffs  opposite 
Keosauqua. 

Quoting  again  from  Gordon: 

The  sandstone  at  Keosauqua  is  decidedly  calcareous  in 
places,  and  sometimes  includes  irregular  ledges  and  fragments 
of  limestone.  .  .  .  The  thickness  of  the  brecciated  division 
varies  from  nothing  to  seventy-five  feet.  In  general,  however, 
it  may  be  said  to  be  from  ten  to  twenty  feet  thick. 

Compact  and  Granular  Limestone. — Overlying  the  brecciated 
limestone  in  places,  and  the  Keosauqua  sandstone  where  that 
formation  occurs,  is  a  compact,  fine-grained,  gray  limestone 
characterized  by  having  a  conchoidal  fracture,  concretions,  and 
a  considerable  number  of  fossils.  ...  In  some  places  the  com- 
pact limestone  is  replaced  by  a  thin-bedded  limerock  with  a 
marked  granular  structure  often  cross-bedded.  .  .  .  The  lime- 
stone of  this  upper  division  is  well  developed  along  Indian 
creek  where  the  compact  variety  is  quarried  quite  extensively. 
The  thickness  of  the  bed  does  not  exceed  fifteen  feet.  It  is 
also  quarried  at  Keosauqua  on  both  sides  of  the  river. 

As  pointed  out,  the  Saint  Louis  beds  have  been  more  exten- 
sively quarried  than  the  other  formations  of  the  county.  Near 
Des  Moines  river  in  the  northwest  quarter  of  section  31,  Lick 
Creek  township,  the  Saint  Louis  beds  were  formerly  opened 
up  for  quarrying.  A  few  feet  of  the  upper  arenaceous  lime- 
stone has  been  quarried  at  Kilbourn  and  at  other  points  on 
Lick  creek  but  all  these  openings  have  been  long  since  aban- 
doned. 
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The  white  limestone  has  been  quarried  on  Thatcher's  creek 
on  the  southeast  quarter  of  section  2,  also  on  the  southeast 
quarter  of  section  1,  Des  Moines  township.  Just  east  of  the 
town  of  Keosauqua  near  the  north  edge  of  section  31,  twelve 
to  fifteen  feet  of  limestone  has  long  been  worked  for  foundation 
and  rough  building  stone. 

The  Saint  Louis  beds  have  been  opened  up  for  local  use  at 
many  places  along  Rock  creek  in  Washington  township.  Gordon 
(page  220)  gives  the  following  section  at  the  mouth  of  Rock 
creek : 

'       ROCK  CREEK  SECTION. 

FEET. 

6.    Concealed  5 

5.  Limestone,  compact,  gray;  breaking  with  conchoidal  frac- 
ture; contains  abundant  brachiopod  remains 6 

4.    Sandstone,  brown,  quartzose 4 

3.    Limestone,  brecciated,  well  cemented 20 

2.  Llmestane,  hard,  blue,  weathering  brown;  heavily  bedded 
and  concretionary;  sandy  at  top,  at  base  bluish  and 
dolomitic  in  appearance 14 

1.    Concealed  to  river  level 35 

Total 84 

Number  2  has  been  quite  extensively  quarried  here  for  the 
early  river  improvements. 

Northeast  of  Bonaparte  on  Mack  creek  and  farther  south  on 
Reed  and  Potter  creeks,  the  sandstone  and  brown  magnesian 
strata  have  been  quarried  for  use  in  locks  and  dams  in  river 
improvement  work.  The  beds  worked  on  Reed  creek  afford  a 
stone  which  dresses  well  and  has  been  used  also  for  caps,  sills 
and  for  well  and  cellar  walls.  It  is  said  to  be  much  more  dur- 
able than  the  white  limestone  under  the  same  conditions.  Un- 
limited quantities  of  these  strata  are  available  along  Potter 
and  Reed  creeks,  where  little  stripping  would  be  necessary  and 
the  quarries  would  be  conveniently  accessible  to  the  railroad. 

The  blue  sandstone  has  been  quarried  for  many  years  on 
Bear  creek  in  section  11,  and  a  more  recent  opening  has  been 
made  by  Perry  and  Isaac  Davis  in  the  northwest  corner  of 
section  31,  Henry  township.  The  section  at  the  latter  place  is 
given  herewith: 


ROAD  AND  CONCRETE  MATERIALS  IN  IOWA 


7.     Drift,  Band  and  gravel 2^4-10 

6.    Blue-gray  "Boapstone"  shale  with  thin  limestone  layers  In 

lower  portion 6 

6.     Arenaceous    Iltneatone,    light    brown    to    bluish 2^ 

4.     Sandy  blue  magneslan  limestone,  "sandstone",  solid  ledge 

which  splits  readily  with  chisel  parallel  to  bedding;  some 

chert  near  base 5 

3.     Irregularly  bedded  gray  to  blue,  coarse-grained  limestone, 

tossillferous  (bryocoan  abundant) 5+ 

2.     "Soapstone."  containing  chert,  to  water  in  creek 1^ 

1.    White  limestone  reported  to  unknown  depth m 

Number  6  is  plastic  and  appears  free  from  concretionary  mat- 
ter. Tlie  maximum  amount  of  stripping,  about  fifteen  feet,  is 
indicated  in  the  section.  Stone  is  shipped  from  this  quarry 
but  must  be  hauled  to  the  railroad  at  Bentonsport.  The  sand- 
stone gives  good  satisfaction  in  walls,  and  dresses  well  for  use 
in  more  conspicuous  and  exposed  parts  of  buildings.  John 
Gaston  has  a  small  opening  in  the  same  .beds  one-fifth  of  a  mile 
south  on  the  opposite  side  of  Bear  creek. 
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A  good  development  of  the  ** sandstone"  occurs  also  in  the 
Price  quarry  on  a  tributary  of  Chequest  creek  in  the  south- 
west quarter  of  section  20,  Van  Buren  township. 

Section  six  miles  northwest  of  Keosauqua  along  a  small  trib- 
utary of  Chequest  which  enters  the  larger  stream  from  the 
southwest : 

FEET. 

7.    Drift  and  loess  of  variable  thickness. 

6.    Limestone,  much  weathered  and  siliceous,  certain   layers 

weather  shaly  and  are  stained  red  to  yellowish  brown 2-4 

5.    Limestone,  blue-gray,  evenly  bedded  and  of  uniform  texture; 

very  hard  and  tough,  beds  up  to  thirty  inches  in  thickness      4 

4.    Talus  slope. 

3.  Limestone,  gray,  vesicular,  coarser  textured  than  number  5 
and  fossiliferous,  partially  obscured  by  talus  slope;  thick- 
ness not  determined. 

2.  Sandstone  in  heavy  ledges,  evenly  bedded  though  beds  are 
somewhat  undulating;  layers  smooth  enough  to  be  used 
for  dimension  stone  without  tooling 10-12 

1.  Shale,  calcareous  to  arenaceous,  blue-gray,  yellow  where 
weathered;  said  to  become  more  shaly  below  the  bed  of 
the  stream;  exposed 3: 

The  sandstone  beds  range  up  to  three  feet  in  thickness,  al- 
though blocks  more  than  two  feet  thick  were  not  seen  in  any  of 
the  sections  exposed.  It  has  been  used  extensively  for  bridge 
work  and  other  heavy  masonry.  This  stone  was  used  for  the 
piers  which  support  the  wagon  bridge  across  Des  Moines  river. 
It  yields  to  any  kind  of  stone  dressing,  is  strong  and  with- 
stands weathering  influences  well.  Blocks  put  in  walls  or  piers 
more  than  a  half  century  ago  still  retain  the  tool  marks,  which 
appear  to  be  as  fresh  as  when  the  blocks  were  laid.  On  ac- 
count of  lack  of  transportation  facilities  almost  no  stone  is 
quarried  at  the  present  time. 

The  Saint  Louis  limestone  is  well  exposed  all  along  Chequest 
creek  from  the  middle  of  Chequest  township  to  Pittsburgh.  As 
indicated  in  the  above  two  sections  the  lower  portion  of  the 
magnesian  limestone  grades  locally  into  a  sandstone. 

The  large  proportion  of  the  stone  used  in  the  southern  part 
of  the  county  has  come  from  the  Indian  creek  quarries  west  of 
Farmington.  Outcrops  occur  along  this  stream  from  near  its 
mouth  to  the  quarries  on  the  line  between  sections  5  and  32 
of  Farmington  township.     The  quarry  in  section  5  is  now 
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worked  by  Cyrus  Falker  and  Mark  Hombaker.    Lime  burning 
was  formerly  done  here.    The  strata  now  visible  are  given: 


8.    LoeBB  and  drift 10+ 

7.    LlmeBtone,  gray,  coBTBely  Bubcryatalllne,  weathering  to  s 

friable  condition ;  thin  elialy  layer  at  base 2^ 

6.    Limestone,  homogeneous  and  flne-gralned,  with  conchoida! 

Tracture  above;    coarser  and  more  Impure  below;    Bepa- 

ratcd  into  heavy  ledges,  the  upper  one  IS  inches  thick; 

Btone  traversed  by  seams  ol  crystalline  calcite  which  in 

general  run  vertically 5% 

5.    Oljscured    3!4 

4.    Soft    sliale.    gray 4 

3.    Limestone,  heavy  ledge:  gray,  compact,  fracture  concboidal. 

Irregularly  shattered  by  weathering 2% 

2.    Alternating  bands  of  light  blue  to  brown  limeBtone  and  slaty 

shale  2 

1.    Tliln-bedded  limestone,  to  water 3J^ 

Only  the  members  above  No.  5  have  been  used.  The  upper 
three  feet  of  No.  6  make  a  fair  huilding  rock.  It  is  hard  and 
weathers  slowly.  There  is  a  considerable  area  on  both  sides 
of  the  creek  where  the  stone  is  available  without  an  excessive 
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Amount  of  stripping.  The  beds  would  afford  a  good  product  if 
crusted.  The  Chicago,  Burlington  and  Quincy  railroad  follows 
Indian  creek  and  would  afford  good  transportation  facilities. 

Section  one  and  a  half  miles  west  of  Farmington,  south  of 
Coal    cliute  of  Chicago,  Burlington  and  Quincy  Railroad: 

FEET. 

6.    Loess  and  wash,  rather  sandy  and  iron-stained  and  mottled 

throughout   5-20 

5.    Shale,  clayey,  blue-gray 3 

4.    Shale,  arenaceous,  hard,  projecting  ledge;  variable 1-2 

3.    Shale  as  above 3 

2.    Shale,  arenaceous,  forms  a  projecting  ledge  similar  to  4,  var 

riable   1-2 

1.  Shale,  somewhat  variable  in  texture,  varying  from  plastic 
and  gritless  to  slightly  arenaceous;  as  a  rule  becomes 
highly  plastic  on  weathering;  evidently  fissile,  blue-gray 
to  dark  blue;  occasional  concretions  and  geodes  present. 
Exposed  above  creek  channel  about 8 

jj.  "^^  "^  <r>ut  one-half  mile  farther  west  a  massive  sandstone  appears 

1^^^  <2ut  along  the  railroad  and  below  the  railroad  bridge  the 

^iQ^^^'^^^i^^-bedded  sandstone  may  be  seen  resting  on  the  shales.    The 

^^^^^^  ^*^cutting  of  the  creek  has  produced  and  is  maintaining  an 

p^j,      ^^^Upment.   The  bedding  planes  in  the  sandstone  are  not  ap- 

Tb^     ^^^^^t  and  the  beds  in  the  railway  cut  appear  to  be  disturbed. 

(Xp  ^^^^  ^^andstone  and  shales  appear  to  be  the  equivalents  of  those 

'^^^>^  ^^ed  along  Des   Moines  river  below  Belfast.     (See  plate 

^^^^^^^^,  c,  page  401.) 

"^  an  Buren  county  is  unusually  rich  in  hard,  compact  lime- 
gtone  suitable  for  crushed  stone  products.  The  county  is  not, 
however,  very  well  equipped  with  transportation  facilities, 
especially  near  the  important  stone  crops. 

WAPELLO  COUNTY. 
Sand  and  Gravel. 

The  gravel  and  sand  deposits  of  Wapello  county  are  of  two 
kinds,  viz.,  the  Aftonian  gravels  which  underlie  the  Kansan 
drift,  and  bars  and  beds  of  sand  in  the  channels  of  the  prin- 
cipal streams. 

Aftonian  Gravels. — A  few  exposures  of  Aftonian  gravels  are 
present  in  the  county.    As  a  source  of  gravel  supply  this  forma- 
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tion  is  not  commercially  important,  but  it  will  doubtless  fur- 
nish limited  amounts  for  local  use.  This  ferruginous  and  much 
weathered  gravel,  often  partially  cemented  into  a  conglomerate 
(described  in  some  detail  in  the  report  on  Union  county),  oc- 
curs at  the  base  of  the  drift  of  the  district  and  rests  directly 
upon'  the  Coal  Measures.  It  is  well  shown  near  the  northwest 
corner  of  section  6,  Cass  township,  along  a  tributary  of  South 
Avery  creek.  Here  the  black  shales  are  overlain  by  a  very 
ferruginous  gravel  and  coarse,  cross-bedded  sand.  In  places 
the  iron  is  sufficiently  abundant  to  serve  as  a  cementing  ma- 
terial, and  a  firm  conglomerate  or  coarse  sandstone  is  formed. 
The  pebbles  are  mostly  quartz  and  sandstone,  but  some  are 
igneous  in  character,  such  as  greenstone  and  granite.  On  North 
Avery  creek  in  the  southwest  quarter  of  section  26,  the  fer- 
ruginous gravel  is  again  exposed  at  the  base  of  the  drift, 
which  here  has  a  thickness  of  six  to  fifteen  feet.  Still  another 
locality  where  this  deposit  occurs  is  on  Des  Moines  river  just 
above  Eldon.  The  gravel  and  sand  at  this  place  have  a  thick- 
ness of  ten  feet.  They  rest  upon  the  Coal  Measure  shales  and 
are  overlain  by  fifty  feet  of  drift. 

Sand  and  some  gravel  is  taken  frgm  Des  Moines  river  in 
Ottumwa  and  vicinity.  The  sand  plants  are  located  from  one- 
fourth  mile  south  of  the  Milwaukee  railway  bridge  to  the  prin- 
cipal pit  just  below  the  west  end  of  the  Vine  street  bridge. 
The  gravel  is  fine-grained,  mostly  sand,  and  the  supply  is 
renewed  bv  the  river. 

The  Ottumwa  Sand  Company  is  operating  a  pumping  plant 
one-third  of  a  mile  below  the  Milwaukee  railway  bridge.  A 
75  H.  P.  motor  is  placed  on  a  dredge  in  the  river.  The  capacity 
of  the  plant  is  about  500  tons  per  day.  The  sand  bed  varies 
from  three  to  five  feet  in  depth.  The  quality  is  not  quite  so 
good  as  at  the  Vine  street  bridge.  About  one-fourth  of  a  mile 
below  the  pumping  plant  considerable  gravel  is  obtained  for 
local  use. 

Large  amounts  of  sand  and  gravel  are  being  accumulated 
near  Chillicothe  and  considerable  quantities  of  sand  have  been 
accumulated  by  the  river  between  Chillicothe  and  Eldon  but 
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these  deposits  are  of  less  importance  below  Cliffland.    At  Eldon 
there  is  a  large  sand  and  gravel  bar. 

There  is  a  sand  pit  on  the  flood  plain  of  the  river  in  section 
14,  Keokuk  township.  The  small  creeks  emptying  into  Des 
Moines  river  between  Chillicothe  and  Eldon  deposit  sand  only 
in  small  amounts.  The  sand  is  considered  too  fine-grained  for 
commercial  purposes  though  it  is  used  to  some  extent  by  the 
county.  Village  creek  is  accumulating  some  sand  in  section 
9,  Keokuk  township.  Soap  creek,  which  enters  Des  Moines  river 
at  Eldon,  deposits  a  considerable  amount  of  good  sand,  though 
mostly  in  Davis  county.  This  sand  bar  is  about  75  to  100  feet 
in  width  and  one-half  mile  in  length.  The  quality  is  probably 
inferior  to  that  at  Ottumwa. 

Stone. 

In  Wapello  county  the  representatives  of  the  Saint  Louis 
stage  that  are  of  economic  importance  belong  to  the  Pella  beds, 
the  upper  division  of  the  formation.  Exposures  are  practically 
confined  to  the  northwestern  part  of  the  county  where  the  beds 
outcrop  along  the  Des  Moines  valley  from  Eddyville  to  Ottum- 
wa, and  on  North  and  South  Avery  creeks  in  the  vicinity  of 
Dudley. 

Limestone  was  formerly  quarried  at  a  number  of  openings 
south  of  Eddyville,  near  the  mouth  of  Miller  creek.  The  Joihn 
LafFerty  quarry  is  the  only  one  now  in  operation.  It  is  located 
on  Miller  creek  in  the  southwest  quarter  of  section  7,  Columbia 
township.  The  section  exposed  here  for  a  distance  of  eight  to 
ten  rods,  is  as  follows: 

FEET. 

7.    Loess  and  river  silt 5 

6.    Residual  clay,  deep  red,  plastic - 3^ 

5.    Residual  clay,  greenish,  calcareous,  grading  into  argillaceous 

limestone    3 

4.  Compact  limestone  of  lithographic  texture  and  separated  by 
marly  partings;  on  exposure  it  becomes  badly  shattered 
by  weathering  of  partings  and  vertical  jointing 2!/j 

3.  Heavy  limestone  bed,  highly  fosslliferous,  upper  portion  con- 
tains cavities  lined  with  calcite  and  abundant  iron  pyrite 
concretions;  two  ledges,  respectively  14  and  22  inches 3 

2.    Shell  marl,  a  few  inches. 

1.    Close-textured  bluish  limestone  in  4  to  6  inch  layers,  to  base 

of  quarry 2^ 


592  ROAD  AND  CONCRETE  MATERIALS  IN  IOWA 

Number  3  shapes  readily  and  affords  excellent  stone  for  build- 
ing purposes  and  for  heavy  masonry. 

This  quarry  supplies  stone  which  is  used  in  bridge  abut- 
ments in  this  and  adjoining  counties.  The  stone  is  handled 
by  derrick  and  loaded  on  wagons.  Considerable  quantities  have 
been  shipped  from  Eddyville. .  There  is  a  triangular  terrace 
area  here  of  considerable  extent  lying  between  Des  Moines 
river  and  Miller  creek  around  the  borders  of  which  the  stone 
outcrops.  The  overburden  is  probably  not  more  than  ten  or 
twelve  feet  at  any  place,  and  an  unlimited  supply  is  thus 
available. 

At  Dudley  large  quantities  of  rock  have  been  removed  just 
west  of  the  Chicago,  Burlington  and  Quinoy  station,  both  north 
and  south  of  the  tracks.  Stone  is  now  quarried  by  Andrew 
Lames  on  the  south  side  of  the  railroad.  The  following  strata 
are  shown  in  the  quarry  face: 

FEET. 

5.    Loesslike  silt,  underlain  with  a  thin  bed  of  iron-stained 

gravel  18 

4.    Bluish  shale  in  places. 

3.  Limestone,  compact  but  shatters  readily  on  exposure,  sepa- 
rates in  2-  to  3-inch  laminse 2% 

2.  Limestone,  compact,  light  brown  to  blue,  fossiliferous  in  up- 
per portion,  and  contains  much  iron  pyrites 9^ 

1.    Blue  limestone  in  thin  layers 18-2(> 

Only  number  2  is  used  for  building  purposes  and  it  furnishes 
good  dimension  stone,  although  not  so  heavy  as  the  correspond- 
ing layer  in  the  Eddyville  section.  Much  crushed  stone  is  pro- 
duced, the  railroad  company  using  the  major  portion  of  the 
output.  All  work  in  the  quarry. is  by  hand.  Stone  for  the 
crusher  is  loaded  on  small  flat  cars  and  drawn  by  one  horse. 
Stripping  is  done  by  means  of  scrapers. 

The  T.  L.  Stevens  opening  is  located  on  Middle  Avery  creek 
one-half  mile  south  of  Dudley.  The  same  strata  are  to  be  seen 
as  given  in  the  section  above.  They  are  covered  with  loess  and 
gravel.  The  iron  sulphide  concretions  are  more  conspicuous 
and  numerous  than  in  the  Lames  section. 

The  Saint  Louis  beds  in  this  vicinity  afford  a  fair  grade  of 
crushed  stone  for  ballast.  The  presence  of  iron  pyrite,  which 
rapidly  weathers  and  leaves  blotches,  streaks  of  iron  rust, 
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and  small  cavities  in  the  stone,  is  a  drawback  to  the  extensive 
use  of  number  2,  which  is  otherwise  suitable  for  building  pur- 
poses. Without  question  there  is  more  and  better  stone  avail- 
able in  the  vicinity  of  Eddyville  than  at  Dudley,  but  it  is  in 
a  less  accessible  location  at  present  for  railroad  transportation. 

Limestone  has  been  quarried  at  several  points  in  Ottumwa 
and  vicinity.  It  has  for  many  years  been  taken  from  the  bed 
of  the  river  at  Ottumwa  during  low  water.  A  new  place  is 
opened  up  and  worked  out  each  season.  That  portion  of  the 
bed  of  the  stream  which  is  to  be  quarried  during  the  summer 
is  enclosed  by  an  embankment  to  keep  out  the  water.  This  is 
constructed  of  barrels  filled  with  clay  against  which  are  piled 
broken  stone,  gravel  and  sand,  until  a  substantial  barrier  is 
built  up.  About  six  feet  of  limestone  are  removed,  the  upper 
layers  being  thin-bedded  and  the  lower  ledges  three  to  eight 
inches  thick.  All  of  the  Saint  Louis  beds  exposed  here  and  at 
other  places  in  the  county  are  suitable  for  crushed  stone 
products. 

WARREN  COUNTY. 
Sand  and  Gbayex. 

Warren  county  as  a  whole  presents  an  unbroken  loess-Kansan 
drift  surface.  Des  Moines  river  forms  the  northeastern  boun- 
dary for  some  half  dozen  miles  and  the  river  here  as  else- 
where in  central  Iowa  is  margined  with  sand  flats  and  contains 
sand  and  gravel  bars  of  sufficient  volume  to  supply  a  large 
portion  of  the  county.  These  natural  resources  have  not  been 
developed  to  any  extent  in  Warren  county.  The  interior 
streams,  while  important  as  drainage  lines,  are  of  little  im- 
portance as  sources  of  sand  and  gravel.  The  interglacial  sands 
and  gravels  are  of  no  importance  in  the  county.  At  the  present 
time  Des  Moines  and  vicinity  is  the  chief  source  of  supply. 

WASHINGTON  COUNTY. 
Sand  and  Gravel. 

The  usual  interglacial  sand  and  gravel  terraces  are  poorly 
developed  or  almost  wholly  concealed  in  Washington  county. 
Deposits  occur  in  varying  quantity  here  and  there  throughout 
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the  drift,  but  at  only  a  few  points  is  there  a  sufficient  quantity 
of  the  right  quality  easily  available.  These  points  are,  in 
general,  along  the  larger  streams.  At  Coppock,  just  over  the 
line  in  Henry  county,  there  is  a  gravel  terrace  margining  Skunk 
river  from  which  considerable  amounts  of  material  have  been 
taken  by  the  Chicago,  Burlington  and  Quincy  Railroad.  The 
gravel  is  fine  and  is  mixed  with  sand. 

South  of  Riverside,  on  Goose  creek,  the  following  section 
was  observed  by  Bain:* 

FEET. 

3.    Sand,  coarse,  yellow,  alternating  with  fine  gravel 25 

2.    Clay,  yellow,  with  pebblee. Vj 

1.    Clay,  blue,  plastic,  few  small  pebbles 12 

Sand  and  gravel  in  small  quantities  and  of  rather  inferior 
quality  occur  in  the  present  streams.  These  as  well  as  the 
drift  pockets  are  of  local  interest  only. 

Clay  of  good  quality,  such  as  has  been  burned  elsewhere  for 
ballast  and  road  materials,  is  everywhere  present. 

Stone. 

The  upper  magnesian  layers  of  the  Kinderhook  outcrop  along 
South  English  river  and  its  immediate  tributaries,  but  they 
have  little  to  commend  them  for  structural  purposes.  They 
have  been  developed,  however,  to  a  limited  extent  near  River- 
side and  Wassonville,  and  have  been  used  for  rough  foundation 
work,  well  curbing  and  even  for  bridge  stone,  ordinary  dimen- 
sion stone  and  caps  and  sills.  The  stone  is  rather  soft  and 
not  pleasing  in  appearance. 

Limestone  beds  referable  to  the  Osage  outcrop  at  numerous 
points  in  a  belt  which  crosses  the  middle  portion  of  the  county 
in  an  east  and  west  direction.  Quarries  have  been  opened 
northwest  of  Washington  and  north  of  Wellman.  The  Eckels 
quarry,  located  on  the  southwest  quarter  of  section  2, 
Franklin  township,  presents  one  of  the  best  sections  between 
Washington  and  West  Chester  and  is  given  below. 

•Iowa  Geological  Survey,  Vol.  V,  p.  153. 
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BCKELS  QUABRY. 

FEET. 

3.    Loess    , 12 

2.  Drift    6 

1.  Limestone,  coarsely  subcrystalline,  blue,  gray  and  white  in 

color,  running  in  ledges  from  3  to  20  inches  in  thickness. .     20 

Other  quarries  in  the  neighborhood  display  less  extensive 
sections  and  present  no  new  features  of  importance.  Chert 
bands  are  quite  common  in  all  of  the  quarries  and  in  one  of 
the  quarries  an  earthy  to  arenaceous  bed  carrying  calcareous 
geodes  may  be  viewed.  North  of  Wellman,  near  Dayton,  an 
old  quarry  shows  the  following  indurated  beds: 

FEET. 

3.  Limestone,   buff,   arenaceous 5 

2.  Limestone,  brown,  coarse,  subcrystalline,  f ossilif erous ^/^ 

1.    Limestone,  blue  to  gray,  finely  subcrystalline,  f  ossilif  erous . ,       4 

The  stone  very  closely  resembles  that  quarried  in  the  Wash- 
ington district.  Openings  have  been  made  at  other  points,  but 
are  of  local  interest  only. 

The  Saint  Louis  limestone  occurs  over  a  large  area  in  the 
southern  portion  of  the  county,  comprising  a  strip  ranging 
from  about  five  miles  in  width,  on  the  east  boundary,  to  eleven 
miles  on  the  west.  The  most  important  exposures  occur  along 
Skunk  river  and  near  vicinity,  in  Brighton  and  Clay  townships. 
The  principal  quarries  are  located  in  the  immediate  vicinity  of 
the  town  of  Brighton.  The  most  valuable  ledges  quarried  here, 
as  well  as  at  other  points,  belong  to  the  upper  member  or  Pella 
beds.  The  overburden  is  usually  heavy,  ranging  from  a  few 
feet  at  the  face  in  natural  outcrops  to  fifteen  or  twenty  feet  a 
short  distance  toward  the  bluffs.  There  are  two  main  ledges 
especially  suitable  for  bridge  stone  which  range  from  sixteen 
inches  to  two  feet  in  thickness  and  rest  upon  two  layers  of 
flagstone.  The  flagstone  layers  are  in  turn  underlain  by  heavy 
beds  which  were  at  one  time  worked  by  the  Chicago,  Rock 
Island  and  Pacific  Eailway  Company  near  Brighton.  These 
lower  ledges  are  more  or  less  water-coursed,  and  the  quarry 
has  been  abandoned.  On  the  west  side  of  the  Rock  Island 
tracks,  immediately  north  of  town,  the  following  layers  were 
formerly  exposed  and  quarried : 
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FUET. 

7.  Soil  and  drift,  variable,  thickening  rapidly  in  the  bluff 5-15 

6.  Marl ". 24 

5.  Limestone,  in  thin  layers f^ 

4.  Limestone  ledge,  bridge  stone 1%. 

3.  Limestone  ledge,  bridge  stone iVu 

2.  Limestone,  flagging  and  rubble % 

1.  Limestone,  flagging  and  rubble % 

Other  quarries  opened  in  the  immediate  neighborhood  show 
essentially  the  same  beds  but  in  slightly  different  thicknesses. 

About  two  miles  northwest  of  Brighton,  a  quarry  is  being 
operated  on  the  Whitmore  place.  The  beds  developed  are  as 
follows : 

FEET. 

2.  Loess  and  drift  up  to 20 

1.    Limestone,  gray-blue,  compact,  tough,  somewhat  fossilifer- 
ous;  in  ledges  as  follows: 

• 

Top  ledge,  8  inches 

Bridge   stone,   20   inches 

Bridge   stone,   20  inches..  V 5 

Flagstone,  6  inches 

Flagstone,  6  inches 


::l 


The  upper  ledges  are  very  much  weathered  along  the  joint 
planes,  and  in  places  the  blocks  are  reduced  to  rounded  cores 
practically  valueless  though  they  appear  to  be  as  tough  and  of 
the  same  color  as  the  unweathered  blocks.  The  ledges  work 
readily  by  the  feather  and  wedge  method.  The  flags  are  some- 
what rough  but  appear  to  be  durable. 

The  Chicago,  Eock  Island  and  Pacific  Railway  has  used  much 
of  the  stone  of  the  district  for  bridge  purposes.  The  stone  has 
been  generally  used  in  the  town  and  county  and  has  been 
shipped  in  large  quantities  to  adjoining  counties. 

The  stone  quarried  in  this  region  is  fine-grained,  compact, 
breaks  with  an  even  to  conchoidal  fracture,  and  is  of  a  pleasing 
ash-gray  color.  It  is  of  good  quality,  but  limited  in  quantity, 
as  only  a  few  ledges  are  workable,  and  can  be  obtained  only 
at  great  expense  on  account  of  the  excessive  overburden.  Be- 
low are  the  disturbed  beds  of  the  Verdi  which  are  of  little  value 
for  quarry  purposes.  Small  quarries  have  been  opened  m 
these  beds  near  Verdi,  but  have  long  since  been  abandoned. 
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About  three  miles  south  of  Washington  on  Crooked  creek, 
a  small  quarry  has  developed  the  lower  magnesian  portion  of 
the  Saint  Louis,  but  it  is  of  local  importance  only. 

With  the  exception  of  layers  in  the  Kinderhook,  all  of  the 
limestones  available  in  the  county  are  well  adapted  for  road 
and  concrete  materials. 

WAYNE  COUNTY. 


Sand  and  Gravel. 

Wayne  county  lies  wholly  within  the  loess-Kansan  area  and 
contains  no  large  streams.  The  northern  portion  of  the  county 
ifl  drained  by  Chariton  river  and  its  tributaries,  but  none  of 
these  have  accumulated  any  considerable  deposits  of  sand  and 
practically  no  gravel.  Some  sand  and  gravel  is  obtained  from 
the  vicinity  of  Morgan  in  Decatur  county  for  use  in  and  about 
/Lineville.  The  interglacial  gravels,  while  probably  present  in 
I,  the  county,  are  not  known  to  be  available.    The  county  is  de- 
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pendent  almost  wholly  on  outside  sources  for  its  supply  of 
road  and  concrete  materials. 

Stone. 

Exposures  of  the  underlying  rocks  are  very  scarce  in  Wayne 
county.  .  The  Des  Moines  stage  of  the  Coal  Measures  occupies 
the  major  portion  of  its  area.  Stone  suitable  for  quarrying  is 
known  to  occur  only  along  the  south  fork  of  Chariton  river 
near  the  east  edge  of  the  county.  A  small  amount  of  rock  has 
been  taken  out  on  the  farm  of  Mr.  Talkington  in  the  northeast 
quarter  of  the  southwest  quarter  of  section  36,  Wright  town- 
ship. Four  feet  of  gray  fossiliferous  limestone  are  exposed, 
overlain  with  fifteen  to  twenty  feet  of  drift.  The  stone  is  trav- 
ersed by  veinlets  of  calcite  and  separates  into  thin  laminae  on 
exposure.  The  same  bed  has  been  worked  at  a  few  points 
farther  up  the  river  and  over  the  line  in  Appanoose  county.  It 
can  be  of  little  importance  even  locally. 

WEBSTER  COUNTY. 
•Sand  and  Gravel. 

The  chief  source  of  sand  and  gravel  is  Des  Moines  river 
and  its  immediate  tributaries.  Lesser  quantities  are  found  in 
the  knoblike  hillocks  of  the  drift. 

Des  Moines  river  has  cut  a  deep  trench  from  north  to  east 
of  south  across  the  entire  county.  The  sands  and  gravels  oc- 
cur in  two  well-marked  terraces  about  twenty  to  seventy  feet 
respectively  above  the  level  of  the  water  in  the  river.  Frag- 
ments of  higher  terraces  appear  occasionally  and  are  gravel- 
bearing.  Sand  bars  and  flats  in  the  present  stream  are  of 
some  importance.  Remnants  of  the  terraces  may  be  viewed 
in  and  near  Fort  Dodge;  e.  g.,  on  Soldier  creek  at  Miller's 
quarry;  near  the  stone  bridge  in  Fort  Dodge;  back  of  the  city 
hospital  and  on  the  bank  of  the  river  in  west  Fort  Dodge ;  and 
on  section  30,  Cooper  township. 

Near  the  north  line  of  Douglass  township  the  terraces  are 
especially  well  marked  and  are  separated  by  a  drif*  terrace 
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about  fifty  feet  above  water  level.     Similar,  terraces,  not  so 
well  developed,  are  found  along  some  of  the  leading  tributaries. 

Kame  and  esker  gravels  are  somewhat  erratically  distrib- 
uted over  the  Wisconsin  upland  drift  plain.  One  of  the  most 
prominent  of  these  occurs  on  section  9,  Lost  Grove  township, 
and  is  locally  known  as  Coon  Mound.  The  mound  is  an  esker 
which  rises  to  a  height  of  some  fifty  feet  above  the  level  country 
surrounding  it,  and  is  composed  of  more  or  less  classified  ma- 
terial— largely  sand  and  gravel.  Similar  hillocks  occur  in  other 
parts  of  the  county.  A  sample  of  gravel  was  taken  from  a  pit 
located  in  a  knob  near  the  middle  of  section  10  in  Cedar  Creek 
township. 

Stonib. 

In  Webster  county  the  outcrops  of  the  Saint  Louis  limestone 
worthy  of  mention  are  confined  to  Des  Moines  river  and  im- 
mediate tributaries,  from  the  north  line  of  the  county  to  Fort 
Dodge.  A  few  detached  areas  are  known  south  of  this  point 
along  the  river,  and  one  or  two  small  patches  occur  in  the  in- 
terior of  the  county.  The  beds  comprising  the  Saint  Louis 
are  decidedly  heterogeneous  in  character,  varying  from  a  hard, 
compact  limestone  in  well  developed  ledges  to  a  structureless, 
clayey  marl,  and  from  a  pure  calcium  carbonate  to  a  highly 
magnesian  limestone.  In  places  a  calcareous  sandstone  appears. 
The  beds  are  usually  too  deeply  buried  under  the  Coal  Measures 
and  glacial  debris  to  be  of  interest  economically,  but  in  the 
vicinity  of  Fort  Dodge  and  northward  along  tfie  river  and  along 
Soldier  creek,  considerable  areas  have  been  partially  stripped 
of  their  overburden  and  quarrying  has  been  thus  made  possible. 
On  account  of  the  lack  of  persistence  and  rather  indifferent 
quality  of  the  beds,  quarrying  has  not  been,  and  is  not  likely 
to  become,  an  important  industry  in  the  county.  The  stone  has 
been  developed  at  a  number  of  points,  and  a  considerable  quan- 
tity has  been  used  for  foundations  and  retaining  walls  in  and 
about  Fort  Dodge.  A  few  representative  sections  are  given 
herewith. 

Section  at  Miller's  quarry,  near  the  stone  bridge  over  Soldier 
creek  in  Fort  Dodge : 
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FRET. 

7.     Soil    2 

6.    Gravel,  fresh,  cross-bedded 10 

5.    Clay,    yellow,    not    jointed,    unleached,    many    limestone 

pebbles  15 

4.  Soil  and  clay  mingled,  both  unleached,  soil  dark  and  contain- 

ing many  wood  fragments 15 

3.  Sand,  uncemented,  containing  lumps  of  coal  and  large  pieces 

of  wood,  in  layers  varying  greatly  in  color  from  white  to 
gray 8 

2.  Calcareous  sandstone,  a  single  layer,  very  firm 1% 

1.  Limestone,  layers  coarse,  often  two  feet  thick,  stone  of  fine, 

even  texture,  no  fossils 25 

In  the  creek  bed  at  the  foot  of  this  exposure  the  limestone 
gives  place  again  to  calcareous  sandstone,  the  thickness  of 
which  could  not  be  determined. 

Number  1  in  the  above  section  is  variable,  the  beds  ranging 
from  limestone  more  or  less  pure,  to  limestone  more  or  less 
magnesian.  The  texture  also  lacks  constancy.  The  terrace  on 
the  west  side  of  the  river  from  the  mouth  of  Lizard  creek 
northward  for  about  two  miles  is  supported  by  the  Saint  Louis 
limestone.  South  of  the  center  of  section  7  in  Cooper  township, 
ti  good  section  may  be  viewed.    The  beds  are  as  follows: 

FEET. 

5.  Sand  and  silt  5 

4.  Limestone,   rather   heavy-bedded,  variable,   with   persistent 

chert  band  near  the  top 12 

3.  Sandstone,  cherty  in  places % 

2.  Limestone  ledge 1% 

1.     Sandstone,  to  water  level 1% 

While  the  limestones  continue  to  the  county  line,  they  are 
as  a  rule  too  deeply  covered  and  too  far  removed  from  trans- 
portation lines,  to  merit  consideration.  Below  Fort  Dodge, 
limestone  outcrops  are  unimportant. 

Des  Moines  river  and  its  immediate  tributaries  have  ex- 
posed heavy  beds  of  sandstone  at  several  points  in  the  county. 
As  a  rule  these  beds  are  composed  of  massive,  friable  sandstone 
oftentimes  strongly  pyritic  or  marcasitic.  The  presence  of 
these  ingredients  causes  the  stone  to  disintegrate  rapidly  on 
exposure  while  their  presence  in  small  quantity  in  a  finely 
divided  state  produces  discoloration  of  the  exposed  surface. 
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Several  quarries  have  been  opened  and  operated  at  various 
times.  The  most  important  one  is  located  in  the  northwest 
quarter  of  the  northeast  quarter  of  section  14,  Pleasant  Valley- 
township.  The  quarry  is  located  in  a  small  ravine  where  the 
rock  is  naturally  exposed.  An  average  section  through  the 
quarry  face  shows  the  following  beds: 

3.    Soil  and  drift 10-15 ' 

2.     Shale  2-3 

1.     Sandstone    15 

The  sandstone  is  probably  much  thicker,  but  it  has  not  been 
quarried  below  the  bottom  of  the  ravine.  It  is  ferruginous  and 
contains  many  selenite  scales  which  look  like  mica.  Even  in  a 
given  layer  the  stone  varies  often  in  color  and  hardness.  The 
colors  are  various  shades  of  red.  Some  layers  are  practically 
useless  for  building  purposes  because  they  contain  many  small 
iron  concretions.  At  certain  points  in  the  quarry  the  rock  at- 
tains a  fair  degree  of  hardness.  The  layers  are  of  a  desirable 
thickness,  varying  from  six  inches  to  two  feet.  Jointing  is  im- 
perfect, but  sufficiently  well  developed  to  render  quarrying 
easy.  Some  years  ago  the  quarry  was  well  equipped  with  steam 
derricks,  and  a  side  track  gave  good  shipping  facilities,  but  at 
present  it  is  not  operated.  The  product  is  known  commercially 
as  the  Albee  sandstone,  and  at  one  time  this  was  the  most 
extensive  sandstone  quarry  in  the  state. 

Sandstone  quarries  have  been  opened  at  other  points  in  the 
county.  In  Fort  Dodge  some  stone  of  fair  quality  has  been 
taken  out.  North  of  the  city  the  sandstone  layers  appear  to  be 
better  cemented  but  have  not  been  developed  to  any  extent. 
Neither  the  Coal  Measures  sandstones  nor  the  Saint  Louis 
limestones  as  developed  in  Webster  county  are  promising 
sources  of  supply  for  crushed  stone  products. 

WINNEBAGO  COUNTY. 
Sand  and  Gravel. 

Winnebago  county  lies  wholly  within  the  Wisconsin  drift 
area.    While  this  youngest  ice  sheet  extends  well  into  Worth 
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and  Cerro  Gordo  counties,  the  morainal  belt  which  marks  the 
rather  unstable  ice  front  continues  back  over  the  eastern  one- 
half  of  Winnebago  county.  The  ^'knobby  drift'*  of  Owen,  now 
known  as  the  Altamont  moraine,  contains  occasional  sand  and 
gravel  domes  and  ridges,  and  these  are  the  chief  sources  of 
road  and  concrete  materials  in  the  county.  While  the  sand 
and  gravel  hillocks  are  more  common  in  the  morainal  belt  they 
are  generally,  though  not  numerously,  distributed  over  the  Wis- 
consin drift  plain.  The  kame  sands  and  gravels  are  as  usual 
poorly  classified  and  generally  carry  considerable  percentages 
of  under  size  (clay  and  silt)  and  oversize  (cobbles  and  bowlders) 
materials. 

Unlike  many  another  county  within  the  Wisconsin  area,  the 
streams  of  Winnebago  exhibit  practically  no  traces  of  gravel 
trains.  What  streams  may  have  transported  glacial  debris  in 
their  flood  waters  carried  it  out  beyond  the  limits  of  the  county. 

WINNESHIEK  COUNTY. 
•Sand  and  GtBayel. 

The  valley  of  Oneota  or  Upper  Iowa  river  is  plentifully 
strewn  with  beds  and  banks  of  sand  and  gravel  of  various 
ages  and  characteristics.  These  comprise  fine,  fresh,  clean 
sands,  beds  of  coarse  pebbles  and  old,  rusty,  weathered  gravels. 
The  character  of  these  deposits  serves  in  many  instances  as 
a  fair  index  of  their  relative  ages,  although  the  evidence  is  not 
conclusive  for  some  of  them.  Thus  there  are  at  intervals 
from  the  county  line  westward  to  a  point  a  short  distance  beyond 
Decorah  banks  composed  chiefly  of  pebbles  of  limestone  with 
some  chert,  foreign  pebbles  and  sand.  Such  a  deposit  is  de- 
scribed by  Calvin  from  section  36,  Pleasant  township;  and  in 
section  35  of  the  same  township  test  holes  sunk  by  the  Upper 
Iowa  Power  Company  at  the  site  of  their  dam  showed : 


Black  dirt    (alluvium) 2-10 

Gravel  1-6 

Sand,  clean,  fresh,  In  streaks  and  pockets 7+ 

Olay  in  streaks. 

Bowlders  and  gravel  mixed. 

Bed  rock. 


WINNESHIEK  COUNTY  605 

The  materials  form  a  broad  flat  terrace  reaching  as  high  as 
thirty  feet  above  the  stream.  The  coarser  elements  are  largely 
limestone,  with  some  foreign  pebbles.  They  were  nsed  in  mak- 
ing the  concrete  dam  and  other  structures  of  the  company's 
power  plant. 

Again  in  section  3,  Glenwood  township,  is  a  similar  terrace 
wMch  shows  about  thirty  feet  of  alternating  sands  and  coarse 
gravel  below  eight  feet  of  yellow  lowan  loess.  This  latter  is 
weathered  above  but  fresh  below,  and  at  the  contact  the  gravels 
are  iron-stained.    One  exposure  shows  two  feet  of  ferrupnous 
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Band,  section  9,  Glenwood  township. 


gravel  immediately  below  the  yellow  soil.  Other  terraces  of 
hke  nature  are  also  seen  in  sections  4  and  9  of  the  same  town- 
ship, and  on  the  north  bank  of  the  river  opposite  Decorali 
similar  deposits  are  bound  into  a  firm  conglomerate  by  a  cal- 
careous cement.  This  conglomerate  is  discussed  by  Calvin  in 
his  report  on  Winneshiek  county"  where  the  probable  origin 
of  the  materials  here  mentioned  is  treated. 

•Iowa  GeoloKlcal  Survey,  Vol.  XVI,  p.  3T. 
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Above  Decorah  there  are  no  terraces,  but  in  the  river  banks 
there  are  exposed  beds  of  gravel  and  sand  at  a  few  localities. 
In  the  southwest  quarter  of  section  8,  Decorah  township,  about 
two  miles  above  the  town,  the  river  impinges  upon  its  left  bank 
and  has  cut  into  a  bed  of  coarse  gravel,  chiefly  local,  with  some 
fresh  sand  intermingled.  This  bed  is  similar  to  those  below 
Freeport.  Six  feet  of  this  material  are  exposed  and  overlain  by 
finer,  much  more  weathered  sand  with  some  coarse  material, 
about  equally  divided  between  local  and  foreign  pebbles.  The 
material  from  this  bank  has  been  used  on  the  roads  in  the 
immediate  vicinity  with  excellent  results,  as  it  cements  well 
and  forms  a  firm  roadbed.  Other  deposits  in  similar  situations 
and  doubtless  laid  down  under  like  conditions  are  exposed  at 
the  bridge  near  the  north  line  of  section  6,  Decorah  township, 
c^nd  in  the  northeast  quarter  of  section  10,  Bluflfton  township. 

The  beds  at  these  different  localities  may  be  classified  as 
of  undetermined,  but  probably  Kansan  age.  Their  character 
does  not  in  all  cases'  permit  of  an  accurate  determination  of 
their  geologic  position.  But  there  are  other  deposits  about 
which  there  is  not  such  uncertainty.  A  notable  instance  is  in 
section  7  of  Glenwood  and  section  13  of  Decorah  townships,, 
where  a  broad  sheet  of  gravels  is  spread  over  the  bottom  lands 
in  the  vicinity  of  Freeport.  These  gravels  bear  unmistakable 
evidence  of  their  relationships  with  the  Buchanan  gravels  in 
their  weathered  and  rusty  condition.  They  are  rather  fine, 
like  the  typical  valley  phase  of  the  Buchanan  gravels,  and  are 
overlain  by  fresh,  clean  lowan  sand.  The  road  leading  north- 
east from  Freeport  is  cut  through  these  beds  and  exposes  a 
good  section.  Similar  beds  occur  for  some  miles  up  and  down 
the  river.  They  are  of  excellent  character  for  use  on  the  roads 
and  should  be  used  where  the  newer  incoherent  sands  make  the 
roads  of  the  neighborhood  very  heavy. 

In  the  northwest  quarter  of  section  30,  Canoe  township,  is 
an  extensive  deposit  of  dark  red,  weathered  sand  somewhat 
indurated,  bearing  very  little  coarse  material.  It  extends  200 
yards  back  from  the  flood  plain  in  the  form  of  a  sloping  ter- 
race, and  grades  up  to  a  sandy  soil  twenty  to  forty  feet  above 
the  plain. 
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Sands  of  lowan  age  also  occur  at  various  points  in  the 
Oneota  valley.  In  sections  7  and  8  of  Glenwood  and  13  of  De- 
corah  townships  are  large  bodies  of  fresh  sand.  About  the 
middle  of  the  section  last  naentioned,  on  the  east  side  of  the 
road,  is  an  immense  bed  of  clean,  white  sand  with  darker  lay- 
ers beneath.  These  latter  are  in  some  cases  quite  hard,  are 
for  the  most  part  quite  fine,  and  may  be  Buchanan  in  age. 
In  section  23  of  Decorah  township  is  another  bank  of  similar 
clean  fresh  sand  of  lowan  age. 

In  sections  11  and  14  of  Bluflfton  township  is  an  extensive 
area  which  lies  comparatively  level,  with  the  exception  of  sev- 
eral hills  of  circumdenudation.  Considerable  amounts  of  fresh 
sand,  apparently  of  lowan  age,  are  exposed  here  along  the  plain 
and  covering  the  hills.  In  places,  however,  the  rocky  core  of 
these  latter  is  exposed. 

Aside  from  the  main  drainage  course  of  the  county,  there 
are  numerous  bodies  of  Buchanan  gravels.  Calvin  has  men- 
tioned several  of  these;  as  in  section  22,  Hesper  township,  sec- 
tion 36,  Madison,  and  section  15,  Decorah  township,  all  of  which 
are  related  to  the  upland  phase. 

The  valley  phase  of  these  gravels  is  represented  by  beds 
seen  in  the  southwest  quarter  of  section  35,  in  the  northeast 
quarter  of  section  28,  and  in  the  northwest  quarter  of  section 
20,  all  in  Washington  township.  All  of  these  beds  consist  for 
the  most  part  of  rather  fine,  rusty  gravels  and  sands  with  some 
associated  coarser  layers.  At  the  last  locality  mentioned  there 
is  quite  a  large  bench  which  seems  to  be  underlain  by  the 
gravels. 

A  considerable  part  of  the  town  of  Fort  Atkinson  is  built 
upon  a  bench  of  coarse,  rusty  Buchanan  gravels.  These  ex- 
tend from  the  margin  of  the  flood  plain  of  Goddard  creek  north- 
ward beyond  the  railroad  tracks  where  they  are  probably 
banked  against  the  hills  of  Fort  Atkinson  dolomite.  Where 
they  have  been  exposed  by  street  grading  in  the  southern  edge 
of  the  village  a  thickness  of  four  feet  is  exposed.  The  basement 
of  the  Catholic  school  was  sunk  into  them  to  a  depth  of  five 
feet  and  the  railroad  pit  opposite  the  depot,  whence  large  quan- 
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titles  have  been  removed,  shows  a  section  ten  feet  in  depth, 
above  which  are  ten  feet  of  lowan  loess.  These  gravels  have 
been  used  on  the  roads  with  good  results  except  that  they  are 
a  little  soft. 

Another  quite  extensive  deposit  is  cut  into  by  a  small  creek 
in  the  northeast  quarter  of  section  1,  Jackson  to^\Tiship,  and 
the  northwest  quarter  of  section  6,  Washington  township. 
AVhere  the  road  crosses  the  creek  about  six  feet  of  hard,  fer- 
ruginous gravels  are  exposed  and  the  bench  extends  to  the 
river  plain  200  yards  or  more  distant.  About  one-half  mile 
farther  north,  along  the  same  road,  eight  feet  of  fine,  fer- 
ruginous, red  to  yellow  sands,  alternating  with  fine  gravel  and 
coarser  material  of  mingled  native  and  foreign  derivation,  are 
exposed.  A  few  rods  south  of  the  bridge  crossing  the  creek 
on  the  south  edge  of  Spillville  is  a  bank  of  gravel  which  has 
been  opened  up  to  some  extent.  This  bank  shows  a  section 
as  follows: 
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Soil,  sandy,  fine,  gray 1 

Soil,  with  coarse  red  sand 1 

Gravel,  hard,  oxidized,  breaks  up  with  difficulty 1 

Sand,  fine,  yellowish.  Incoherent ^ 

Gravel,  hard,  red,  with  some  layers  of  fine  sand 1% 

Gravel  and  sand  in  alternating  layers,  coarse  material  both 
local  and  foreign;  all  fairly  fresh  and  incoherent 3 

One-half  mile  east  of  h^re  the  fine  phase  of  the  Buchanan 
gravels  is  shown  by  the  roadside  at  the  top  of  a  flat  bench 
which  extends  from  the  steep  bluffs  on  the  north  side  of  the 
river  to  the  lower  level  of  the  flood  plain. 

Stowe. 

Good  quarry  stone  is  available  at  a  number  of  horizons  in 
the  Ordovician  as  developed  in  Winneshiek  county.  The  lowest 
beds  eminently  suitable  for  structural  purposes  occur  near  the 
base  of  the  Oneota  limestone  in  Highland  and  Pleasant  town- 
ships. The  lower  thirty  or  forty  feet,  resting  directly  on  the 
Jordan  sandstone,  is  a  light  buff,  evenly  bedded  dolomite,  fairly 
uniform  in  texture  and  obtainable  in  blocks  of  almost  any  di- 
mensions up  to  thirty  inches  in  thickness  and  easily  dressed. 
The  outcrops  are  practically  limited  to  the  bluffs  facing  Bear 
creek  from  Highlandville  to  the  county  line,  and  limited  out- 
crops on  sections  23,  24,  25  and  26  in  Pleasant  township.  These 
beds  are  almost  wholly  undeveloped  in  the  county  on  account  of 
the  absence  of  transportation  facilities.  The  upper  beds  of  the 
Oneota  are  less  desirable  for  structural  purposes  on  account  of 
their  more  drusy  character,  absence  of  regular  bedding  planes 
and  general  lack  of  uniformity  in  texture,  structure  and  compo- 
sition. At  the  present  timfe  none  of  the  beds  belonging  to  the 
Oneota  are  quarried  in  Winneshiek  county. 

The  Galena-Platteville  limestone,  as  in  adjoining  counties,  af- 
fords several  well-defined  quarry  horizons.  The  three  divisions 
recognized  by  the  Minnesota  and  Wisconsin  geologists  are  very 
marked  here.  The  lowest  division  or  Platte ville  limestone  is 
again  divisible  in  three  parts,  ''Lower  Buff- Beds,"  **Thin, 
Brittle  Beds,"  and  ''Thicker  Quarry  Beds''  in  ascending  order. 

39 
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As  a  whole  the  Platteville  thickens  southward  and  as  a  conse- 
quence is  much  thicker  in  Dubuque  than  in  Winneshiek  county. 

The  Lower  Buff  Beds  do  not  exceed  five  or  six  feet  in  the  latter 
county,  with  eight  inch  layers,  and  have  been  developed  at  but 
few  points  and  then  in  a  small  way.  The  heaviest  ledges  of  the 
Lower  Buff  Beds  occur  in  the  valley  of  the  Upper  Iowa  in  the 
vicinity  of  Freeport  and  east.  The  Thin,  Brittle  Beds  were 
quarried  formerly  to  a  limited  extent,  and  while  apparently  in 
heavy  beds  where  protected,  they  break  down  when  exposed  to 
weathering  influences  and  are  of  little  economic  importance. 
The  uppermost  member  or  Thicker  Quarry  Bed  attains  a  thick- 
ness of  from  four  to  eight  feet  and  is  evenly  bedded.  The 
stone  is  hard  and  compact,  fine-grained,  nondolomitic  limestone, 
and  is  of  a  bluish  color.  The  individual  layers  range  from  six 
to  eight  inches  in  thickness,  are  remarkably  uniform  and  can 
be  obtained  in  sheets  or  tablets  of  almost  any  desired  dimen- 
sions. This  horizon  has  been  quarried  extensively  in  the  vicinity 
of  Decorafi  and  Hesper.  The  beds  are  composed  chiefly  of  finely 
conMninuted  and  firmly  cemented  brachiopod  shells.  From  one 
of  the  quarries  north  of  the  river  at  Decorah  attempts  were 
made  to  produce  an  ornamental  stone  by  sawing  into  thin  slabs 
and  polishing  by  machinery.  The  product  possessed  a  rather 
pleasing  appearance  and  was  used  to  a  limited  extent  for  table 
tops  and  interior  decoration. 

A  number  of  quarries  have  been  opened  in  the  Galena  lime- 
stone, above  the  level  of  the  Decorah  shale.  Many  are  small 
and  were  operated  only  temporarily  to  supply  some  immediate 
local  need.  At  no  point  does  quarrying  in  the  Galena  assume 
commercial  importance.  The  upper  quarry  of  Mr.  Halloran  is 
worked  at  the  level  of  the  lower  Eeceptaculites  zone,  about  fifty 
feet  above  the  Decorah  shales.  The  quality  of  the  stone  is  not 
as  good  as  that  from  the  upper  part  of  the  Platteville.  The  bed- 
ding is  not  so  regular ;  the  texture  is  less  uniform ;  much  of  the 
stone  is  liable  to  split  into  small  chips  on  long  exposure  to  the 
weather. 

Several  quarries  have  been  opened  in  the  blue  ledges  of  the 
Platteville  on  the  north  valley  wall  of  the  river,  opposite  De- 
corah.   One  between  the  Ice  Cave  and  Mill  Spring  ravine  shows 
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about  fifteen  feet  of  these  beds.  There  are  also  great  quantities 
of  rock  washed  out  from  the  Galena  beds  in  the  ravine  through 
which  the  road  enters  Decorah  from  the  northwest.  These  have 
been  used  on  this  road,  as  has  similar  material  from  the  river 
bed  in  section  8,  Decorah  township,  and  all  these  give  excellent 
results.  The  road  leading  southeast  from  Decorah  across  sec- 
tion 22  to  Trout  run  has  also  been  macadamized  with  limestone 
as  well  as  with  gravels  from  the  river  terraces.  This  road  is. 
firm  and  smooth,  an  excellent  example  of  what  may  be  accom- 
plished with  the  materials  so  abundantly  at  hand. 

In  the  neighborhood  of  Nasset,  in  the  southwest  quarter  of 
the  southwest  quarter  of  section  22,  Glenwood,  is  a  small  quarry 
opened  in  the  hillside  in  the  blue  ledges  of  the  Platteville,  just 
below  the  Decorah  shales.  The  rock  is  hard  and  firm  and  the 
location  is  favorable  for  getting  out  road  material.  Along  the 
east-west  road  across  sectien  26,  Glenwood,  are  several  expo- 
sures of  geest,  dark  rust-red,  with  much  chert.  While  this  is  not 
present  in  great  quantity  it  would  make  excellent  material  for 
road  work  as  far  as  it  goes.  There  is  a  large  quarry  at  Nordness 
which  is  opened  in  the  upper  beds  of  the  Galena.  The  Maquo- 
keta  begins  only  a  few  feet  above  the  exposure.  The  upper  beds 
are  badly  checked  and  weathered,  but  below  these  there  are  some 
quite  firm  ledges  varying  from  ten  to  fourteen  inches  in  thick- 
ness, with  which  there  is  associated  a  ten  inch  band  of  shale. 
About  the  middle  of  the  quarry  face  there  is  a  belt  of  irregularly 
bedded  concretionary  limestone,  three  feet  in  thickness,  alto- 
gether lacking  in  the  homogeneity  requisite  for  good  quarry 
stone.  Below  this  belt  there  are  six  feet  of  more  regular  and 
more  homogeneous  beds,  with  some  of  the  individual  courses 
fully  ten  inches  in  thickness.  Another  quarry  at  the  same 
horizon  as  that  at  Nordness  is  opened  on  the  south  side  of  Yel- 
low river  in  the  north  half  of  the  northeast  quarter  of  section  13, 
Bloomfield  township,  on  land  belonging  to  the  estate  of  Mr. 
Melvin  Green.  The  characteristics  are  the  same  as  at  Nordness 
except  that  there  are  several  bands  of  shale,  ranging  from  two 
or  three  to  ten  inches  in  thickness,  interstratified  with  the  lime- 
stone.    Another  quarry  which  includes  the  uppermost  beds  of 
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the  Galena  is  located  on  the  south  side  of  the  diagonal  road  in 
the  southwest  quarter  of  section  17,  Bluffton  township.  There 
are  other  small  quarries,  worked  temporarily  or  intermittently 
to  supply  the  purely  local  demanda,  near  Kendallville,  Plymouth 
Eock  and  Burr  Oak.  In  the  southeast  quarter  of  section  7,  Fre- 
mont township,  are  some  small  quarries  opened  in  beds  of  dolo- 
mitized  Qalena,  a  phase  of  the  formation  resembling  that  at 
Dubuque.  Dolomitization  here  is  local,  being  restricted  to  an 
area  of  three  or  four  square  miles.  The-many  other  small  open- 
ings in  the  Galena  limestone  are  too  numerous  to  be  individually 
noted. 

Much  of  the  Galena  limestone  is  very  unreliable.  When 
quarrying  has  been  carried  into  the  hillside  beyond  the  zone  of 
weathering,  the  ledges  may  appear  to  be  thick,  firm,  durable, 
suitable  for  any  kind  of  construction ;  but  after  being  placed  io 
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walls  and  exposed  to  alternations  of  temperature  and  the  chem- 
ical effects  of  air  and  moisture  they  split  into  thin  lamiuEe  and 
eventually  break  up  into  small,  irregular  chips.  The  eflfect  is 
well  shown  in  the  portions  of  the  old  retaining  wall  still  stand- 
ing around  the  court  house  square  at  Decorah. 
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Quite  an  amount  of  quarrying  has  been  done  in  the  Maqnoketa 
formation.  The  Isotelus  zone  is  very  re^larly  and  evenly 
bedded,  and  in  a  few  instances  it  is  firm  enough  to  serve  for 
building  stone.  One  quarry  at  this  horizon,  located  in  the  north- 
west quarter  of  section  18,  Springfield  township,  is  noted  by 
Calvin  in  connection  with  the  general  discussion  of  the  Ma- 
quoketa  beds  of  this  county.*  In  some  cases  the  strata  lying 
between  the  Isotelus  zone  and  the  Clermont  shale  are  capable 
of  furnishing  a  fair  grade  of  building  material  for  rough  wajls 
and  foundations;  but  the  principal  quarry  horizon  in  the  Ma- 
quoketa  is  that  of  the  Fort  Atkinson  limestone.  This,  not  in- 
frequently, is  a  hard,  granular,  crystalline  dolomite,  comparable 
to  some  phases  of  the  Galena  limestone  in  Dubuque  county.  At 
Fort  Atkinson  quarries  have  been  worked  in  this  formation  for 
ipany  years,  and  one  of  these,  located  a  few  yards  west  of  the 
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old  fort  (Fig.  63),  is  capable  of  yielding  blocks  of  any  desired 
dimensions  up  to  three  feet  in  thickness.  Another  quarry  in 
the  same  limestone,  on  the  east  side  of  the  fort,  has  been  oper- 
ated intermittently  for  some  time  and  has  furnished  quite  an 
amount  of  fairly  good  material.  In  the  southwest  part  of  Mili- 
tary township  there  are  many  quarries  and  natural  exposures 
in  the  Fort  Atkinson  beds.  The  small  quarry  near  the  center  of 
the  southwest  quarter  of  section  33,  and  that  near  Ossian  in  the 
northwest  quarter  of  section  15,  will  be  found  noted  with  some 
detail  in  the  part  of  the  report  on  Winneshiek  county  which 
treats  of  the  Fort  Atkinson  limestone.* 

About  a  mile  south  of  Calmar,  in  the  southeast  quarter  of 
section  35,  Calmar  township,  is  a  quarry  of  Mr.  Gallaman. 
This  is  opened  in  the  Fort  Atkinson  beds  and  shows  eight  to 
ten  feet  of  yellow,  flinty,  thin-bedded  layers  overlying  yellow 
beds  free  from  chert,  the  beds  two  to  eight  inches  thick.  Of  these 
lower  beds  four  feet  are  exposed.  On  top  is  one  to  two  feet  of 
waste  rock,  theii  one  foot  of  soil.  The  quarry  has  been  well 
opened  and  is  easy  of  access  from  the  road.  The  beds  shown 
here  are  also  exposed  on  both  sides  of  the  ravine  which  runs 
past  the  quarry  and  a  considerable  amount  of  rock  is  available. 
Similar  beds  are  exposed  in  the  ravines  and  road-cuts  just  north 
of  Festina. 

On  the  north  side  of  the  Cresco-Calmar  ridge  the  Fort  Atkin- 
son formation  comes  to  the  surface  and  is  quarried  near  the 
center  of  the  southwest  quarter  of  section  27,  Springfield  town- 
ship, and  about  sixty  rods  south  of  the  northwest  corner  of  sec- 
tion 5,  Bloomfield.  At  the  point  last  named  the  rock  is  yellower, 
softer,  less  crystalline  than  at  Fort  Atkinson.  The  rocks  of 
this  horizon  become  more  earthy  or  shaly  toward  the  northeast, 
and  gradually  lose  the  qualities  of  a  pure  dolomite  which  dis- 
tinguish them  at  the  type  localities  in  Fort  Atkinson  and  Cler- 
mont. 

Several  small  outliers  of  the  Niagaran  limestone  appear  in 
Washington  township  and  are  believed  to  be  the  northernmost 
outcrops  of  that  formation  in  the  state.  The  stone  commonly 
representing  the  Niagaran  here  is  a  yellow-buflf,  dolomitic  lime- 

•Iowa  Geological  Survey,  Vol.  XVI,  p.  101. 
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stone.  Some  of  the  layers  exposed  in  an  old  quarry  west  of 
Festina  comprise  a  hard,  buflf,  subcrystalline  dolomite  com- 
parable with  typical  Niagaran  dolomites  exposed  farther  south. 
The  beds  are  of  small  importance  and  have  been  but  little  de- 
veloped in  Winneshiek  county. 

The  Chicago,  Rock  Island  and  Pacific  Railway  has  a  large 
quarry  near  the  station  at  Nordness.  This  shows  at  the  base 
fifteen  feet  of  heavy  blue-gray  ledges  of  fine  texture  which 
weather  to  gray  or  buflf.  The  ledges  are  six  inches  to  a  foot 
in  thickness.  The  upper  ones  show  a  conchoidal  fracture. 
Above  these  heavy  beds  is  a  layer  of  slaty  shale,  drab  or  slate 
color,  eight  to  ten  inches  thick,  which  breaks  into  very  thin 
spalls.  Overlying  this  layer  is  a  heavy  ten-inch  ledge,  then 
thinner  ledges  for  fifteen  feet.  These  are  separated  by  thin 
shale  bands  of  one  to  two  inches  thickness  and  are  nodular 
and  of  uneven  thickness.  They  are  capped  by  a  five-foot  bed 
of  yellowish  gray  calcareous  shale  which  breaks  up  into  small 
angular  bits.  At  the  top  of  the  section  are  five  feet  or  more 
of  gray  iron-stained  loess  with  the  lower  part  strongly  impreg- 
nated with  iron.    There  is  no  drift  present  here. 

A  sample  was  collected  from  the  heavy  beds  below  the  shale 
band,  also  from  the  thinner  beds  above.  Several  quarries  are 
opened  in  this  vicinity  in  the  heavy  beds  below  the  shaly  layers 
of  the  Galena.  The  yellow  shale  beds  are  the  basal  layers  of 
the  Elgin  Shaly  Limestones,  the  lowermost  division  of  the  Ma- 
quoketa  stage.  Forty  feet  of  these  are  exposed  in  the  roadside 
one-half  mile  east  of  Nordness.  Below  the  quarry  beds  are 
exposed  layers  which  appear  hard  and  solid,  as  if  suitable  for 
road  work. 

At  the  time  samples  were  being  collected  the  quarry  of  E.  H. 
Weber,  one-fourth  mile  south  of  Hesper,  was  not  being  used. 
Considerable  quantities  of  stone  have  been  removed,  however. 
The  beds  used  are  the  blue  layers  of  the  Platteville.  Only  a 
few  feet  are  removed  and  these  are  just  below  the  Decorah 
shales.  On  the  northeast  edge  of  town  is  a  smaller  quarry 
which  is  opened  in  the  same  ledges  as  the  Weber  quarry,  but 
the  location  is  not  so  advantageous  as  is  that  of  the  latter. 
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ward  into  an  unusually  clayey  material.  Apparently  there 
is  an  unlimited  quantity  available,  and  it  is  readily  accessible 
to  the  Chicago  and  North  Western  railroad. 

Along  Pierson  creek  there  is  also  a  lower  bench  noticeable 
south  of  the  stream  in  section  28,  Union  township,  where  its 
exact  relation  to  the  Little  Sioux  benches  is  not  clear.  It  seems, 
however,  to  be  composed  almost  entirely  of  gravel  and  sand. 
In  southwest  Union  township  there  are  enormous  quantities  of 
gravel  and  sand  along  the  creek.  Far  up  on  the  hillside  near 
the  northeast  corner  of  section  14  is  a  large  pit  which  shows 
a  few  feet  of  sand  over  clean  stratified  gravel. 

Above  Correctionville,  and  especially  to  the  west  of  the  Sioux 
and  north  of  Pierson  creek  the  gravels  form  a  conspicuous  plat- 
form fully  fifty  feet  above  both  streams.  There  is  practically 
no  covering  over  the  gravel,  which  crops  out  in  prominent  es- 
carpments and  is  so  near  the  surface  that  there  is  scarcely 

sufficient  soil  for  tillage. 

Two  pits,  those  of  Welch  Bros.,  in  southeast  28,  and  of  Moran 
and  Hempel  in  northeast  20,  Union  township,  have  been  opened 
quite  recently*  The  first  is  a  clean  exposure  with  very  light 
stripping  on  the  valley  end  of  a  ridge.  Fifteen  to  eighteen  feet 
of  gravel  are  open,  finer  and  with  more  sand  and  cross-bedding 
at  top,  but  coarser  below.  Moran  and  Hempel  have  a  large 
opening,  but  except  at  the  very  point  of  the  hill  the  depth  of 
cover  runs  up  to  six  or  eight  feet.  They  have  confined  their 
development  work  to  the  edge  of  the  hill  where  the  cover  is 
thin.  As  a  rule,  the  gravel  seems  coarser  here,  running  coarse 
at  top  and  fine  below.  There  are  about  eighteen  feet  of  gravel 
resting  upon  blue  till  with  an  iron-stained  band  at  the  top. 

South  of  Correctionville  the  lower  terrace  is  of  wide  expanse, 
at  the  town  east  of  the  river  and  on  the  concave  sides  of  curves 
all  the  way  to  section  8,  Miller  township,  south  of  Anthon.  The 
latter  town  is  on  a  terrace  which  seems  to  be  not  over  fifteen  to 
eighteen  feet  above  water. 

At  Anthon,  in  west  section  33  of  Kedron  township,  there  are 
three  feet  of  black  alluvium  to  strip.  Below  this  are  three  and 
a  half  feet  of  coarse  iron-stained  clayey  gravel  with  little  sand, 
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and  then  four  feet  of  cross-bedded,  nicely  banded  clean  gravel 
with  coarse  sand,  the  largest  pebbles  being  not  over  an  inch 
or  so  in  diameter.  Underlying  this  are  five  feet  of  clean  gravel 
down  to  talus  and  perhaps  to  six  or  eight  feet  above  water.  At 
the  Gilleas  opening  on  the  railway  in  southwest  15,  Kedron 
township,  there  are  fully  twenty  feet  of  good  material  available 
under  but  little  cover. 

Farther  south  than  this  the  lower  gravels  do  not  appear 
conspicuously,  but  the  bench  blends  gradually  into  the  flood 
plain  of  the  river.  It  is  likely,  however,  that  fragments  of  this 
bench  occur  to  the  south  county  line  or  farther  although  not 
noticeable. 

The  upper  (sixty  to  seventy-foot)  terrace  is  evident  as  jut- 
ting promontories  at  many  places  on  both  sides  of  the  stream. 
These  are  particularly  noticeable  in  sections  21,  28  and  34  of 
Kedron  township  and  in  section  4,  Miller  township,  on  Wright 
creek.  These  benches  are  sometimes  gravelly,  but  not  invar- 
iably so. 

Reworked  Materials. — ^Missouri  river  has  immense  beds  and 
bars  of  sand  (mostly  quicksand)  in  its  channel  the  whole  way 
across  the  county.  Although  there  are  enormous  quantities  of 
material  in  these  beds  they  are  unimportant  from  a  practical 
standpoint,  as  there  are  many  conditions  which  prevent  their 
economical  removal. 

Sand  bars  also  occur  along  Little  Sioux  in  varying  quantities, 
but  the  presence  of  so  much  more  reliable  deposits  in  the  ter- 
races renders  them  of  little  importance. 

Miscellaneous  Deposits. — It  is  not  uncommon  in  parts  of  the 
county  where  erosion  forms  are  abrupt,  as  near  the  mouths  of 
all  streams  coming  into  Little  Sioux,  to  find  outcropping  at  the 
base  of  the  loess  a  very  coarse  quartzitic  bowlder  bed,  some- 
times resting  on  drift  and  again  on  top  of  beds  of  red  gravel  or 
sand.  Such  may  be  noted  in  section  17  of  Union  township,  and 
at  other  points  along  branches  of  Pierson  creek.  They  are  also 
seen  in  the  lower  courses  of  Bacon,  Wright  and  Plumb  creeks 
and  at  many  points  along  the  west  side  of  the  valley.    These  are 
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different  from  the  high  terrax^e  gravels.  At  many  points  along 
the  bluffs  on  the  east  side  of  Missouri  river  gravel  and  sand 
are  to  be  seen  outcropping  from  under  the  loess.  As  a  rule,  this 
material  is  available  in  only  small  quantities,  if  at  all.  Where 
attempts  are  made  to  recover  it  a  sort  of  crude  mining  system 
is  used.  The  gravel  is  removed  from  under  the  loess,  which 
varies  in  depth  up  to  forty  or  fifty  feet  in  places,  and  work 
usually  stops  when  the  loess  caves  down.  Sometimes  timbering 
is  done,  but  this  is  not  commonly  the  case. 

In  the  vicinity  of  Sioux  City  the  upland  is  covered  with  a  thick 
veneer  of  loess.  The  loess  here,  as  in  adjoining  counties,  seems 
to  be  quite  generally  underlain  by  sand,  which  is  rarely  exposed 
except  artificially  and  is  not  worked  to  any  extent  because  of 
the  great  expense  of  stripping.  This  is  the  only  local  source  of 
sand,  so  most  of  what  is  used  is  shipped  from  Correctionville. 
In  speaking  of  the  subloessial  sands  and  gravels,  Mr.  H.  F. 
Bain,  in  his  report*  on  Woodbury  county  in  1896,  says,  *^At 
some  time  in  the  period  between  the  retreat  of  the  Cretaceous 
sea  and  the  advent  of  glacial  conditions,  at  least  a  part  of  Wood- 
bury county  was  covered  by  a  shallow  lake.  The  deposits  made 
at  this  time  are  shown  under  the  later  glacial  deposits  in  the  pits 
at  Riverside : 


Loess,  usual  character,  variable  thickness 30 

Clay,  plastic,  brown,  weathering  yellow  along  joints,  usually 
free  from  grit;  pebbles  rarely  found 6 

Gravel,  erratic  drift  pebbles % 

Sand,  fine,  white  and  even-grained,  with  small  granitic  peb- 
bles; no  distinctly  northern  gravel 12 

' '  The  lake  deposits  consist  of  fine  to  coarse  white  sand  contain- 
ing occasional  small  pebbles,  in  the  main  granitic  with  chips  of 
wood  and  a  few  fossils.  The  pebbles  found  are  of  small  size, 
water-worn,  and  of  such  type  that  they  might  readily  come  from 
either  the  west  or  the  north.  There  are,  as  far  as  careful  search 
reveals,  no  distinctively  northern  rocks  present,  and  certainly 
no  rocks  showing  ice  action.  The  general  character  of  the  sand 
is  much  like  that  of  the  Miocene  or  Pliocene  beds  found  a  few 
miles  west  in  Nebraska  and  South  Dakota."    In  the  beds,  of 
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which  the  section  given  by  Bain  is  typical,  the  sand  and  gravel 
are  usually  mixed  together  so  that  neither  can  be  used  without 
screening. 

Along  the  loess  escarpment  stretching  southeast  from  Sar- 
gent Bluff  there  are  occasional  exposures  of  gravelly  drift 
cropping  out  from  beneath  the  loess.  Gravel  was  once  taken 
from  the  bluflf  at  this  latter  place,  but  the  pit  was  abandoned 
when  the  loess  cover  reached  a  thickness  of  twenty  feet.  East 
of  Homick  the  beds  have  been  opened  up  at  one  or  two  places 
and  sand  and  gravel  for  local  consumption  are  being  removed. 

A  very  old  and  quite  coarse  gravel  appears  about  150  feet 
above  the  Missouri  bottoms  in  sections  24  and  25,  Orange  town- 
ship. The  gravel  is  much  iron-stained,  and  some  of  the  pebbles 
can  be  crushed  in  the  hand.  A  lower  and  finer  gravel  outcrops 
in  section  31,  Westfork  township.  This  material  has  a  newer 
appearance  and  is  entirely  different  from  the  high  gravel  men- 
tioned above.  There  may  possibly  be  as  much  as  twenty-five 
feet  of  the  gravel  under  two  feet  of  loess  at  the  outcrop,  but  the 
cover  rapidly  becomes  much  deeper.  It  would  seem,  however, 
that  several  hundred  yards  of  gravel  suitable  for  roads  could 
be  removed  before  the  cost  for  stripping  would  become  pro- 
hibitive. 

Stonb. 
(For  notes  on  stone  see  Plymouth  County.) 

WORTH  COUNTY. 
Sand  and  Gbavel. 

The  Wisconsin  drift  covers  the  northwest  two-fifths  of  Worth 
county.  The  Altamont  moraine,  with  its  knobs  and  hillocks, 
stretches  .diagonally  from  Fertile  to  Northwood  township. 
Sands  and  gravels  in  abundance  occur  along  Lime  creek  and 
its  immediate  tributaries.  Willow  and  Winans  creeks.  The 
gravel  terrace  rises  from  ten  to  twenty  feet  above  the  bottom 
land,  reaches  about  a  mile  in  width,  and  rests  on  a  limestone 
bench,  which  rises  a  few  feet  above  the  water  level  in  the  creeks. 

The  terrace  appears  only  in  the  north  bank  of  Lime  creek 
and  continues  up  Winans  and  Willow  creeks  a  distance  of  one 
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and  a  half  to  two  miles.  These  terraces  are  composed  of  fairly 
coarse  materials.  The  granitoid  bowlders  are  more  or  less 
weathered  and  break  down  readily  on  exposure.  Pits  have  been 
opened  at  numerous  points  for  road  and  concrete  materials,  but 
none  are  being  worked  on  a  large  scale  at  present.  The  gravel 
varies  from  ten  to  twenty  feet  in  thickness  and  covers  most  of 
sections  29,  30,  32  and  33  in  Danville  township  and  considerable 
portions  of  sections  25,  26,  35  and  36  in  Fertile  township.  The 
alluvial  wash  covering  over  the  gravel  varies  from  almost  noth- 
ing on  the  breaks  to  three  to  five  feet  on  the  bench  some  distance 
back  from  the  escarpment. 

Terrace  gravels  are  also  found  along  Elk  creek  outside  the 
Wisconsin  drift  area.  Here,  as  in  the  case  of  Lime  creek,  the 
terrace  is  most  prominent  on  the  north  bank. 

Occasional  sand  banks  are  found  along  Shell  Bock  river,  but 
well-marked  gravel  terraces  are  unimportant,  if  not  absent. 

Sand  flats  and  bars  are  present  occasionally  in  nearly  all  of 
the  streams  in  the  county,  but  are  of  interest  only  locally. 

In  the  morainal  tract  kame  and  esker  sands  and  gravels  are 
available  as  usual  and  have  been  developed  to  meet  the  local 
demand,  especially  for  road  work.  Occasional  sand  knobs  are 
found  in  the  upland  Wisconsin  plain. 

Stone. 

Limestones  of  the  Mason  City  substage  of  the  Cedar  Valley 
stage  outcrop  in  the  banks  of  both  Shell  Bock  river  and 
Lime  creek  and  their  chief  tributaries.  The  strata  are  similar 
in  every  way  to  their  equivalents  in  the  Mason  City  sections  in 
Cerro  Gordo  county. 

On  the  Shell  Bock  a  maximum  thickness  of  twenty  feet  of  the 
limestone  beds  may  be  observed  at  the  railroad  bridge  in  section 
]  of  Lincoln  township. 

The  following  section  at  Foster 's  mill  in  the  northeast  comer 
of  section  30,  Union  township,  is  typical  for  the  Cedar  Valley 
beds : 
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4.    We&thered  UmeBtone,  cryBtalUne,  and  containing  numerous 

calclte  cavlttea 10 

3.    Compact,  light  colored,  dolomltlc  limeatone,  heavy-bedded..       4 

2.  Very  close  textured  limestone,  lithographic  lu  appearance, 
hard  and  breaking  with  concboldal  fracture.  Has  a  very 
characteristic  ring  -when  struck  with  the  hammer 3 

1.    Argillaceous,  bluish  dolomite  layer,  exposed  to  water  below 

No.  ^  is  the  Stromatopora  zone  which  characterizes  this  stage 
at  nearly  every  exposure.  It  is  the  equivalent  of  the  heds  that 
are  employed  for  the  manufacture  of  Portland  cement  at  the 
Mason  City  plant,  in  the  adjoining  county  to  the  south. 

Near  the  south  edge  of  section  12,  Lincoln  township,  is  a  small 
quarry  from  which  crushed  stone  has  been  taken  for  road  mate- 
rial. The  middle  layer  of  the  Foster  mill  section  is  the  one  used. 


FlO.  64 — Quarry  In  norther 


wing:  excellent 


Beginning  in  the  northwest  quarter  of  section  1,  Lincoln  town- 
ship, is  a  continuous  outcrop  for  about  one-third  of  a  mile  where 
Shell  Eoek  river  flows  close  to  the  west  edge  of  its  valley  and 
at  the  foot  of  the  exposure.  From  a  short  distance  below  the 
railroad  bridge  it  extends  northward  across  the  line  into  Kensett 
township.    The  following  is  the  somewhat  generalized  section : 
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5.    Bowldery  drift : 2 

4.  Badly  weathered,  limestone,  rusty  red  in  color,  no  fossils, 
nodular  in  appearance,  bedding  obscure  on  account  of 
disintegration    6 

3.  Fine-textured  limestone  of  light  color,  nonfossiliferous  and 
containing  much  interstitial  crystalline  calcite,  heavy- 
bedded   3 

2.  Slightly  argillaceous  magnesian  limestone,  grading  down- 
ward into  the  darker  variety,  breaks  with  earthy  fracture, 
but  is  very  hard,  bedding  8  to  12  inches 2-3 

1.    Argillaceous  dolomite,  that  portion  not  adjacent  to  joint  or 

bedding  planes  a  dark  blue,  good  building  stone,  to  water      6 

No.  4  of  this  section  is  the  equivalent  of  the  upper  member  in 
the  Foster  mill  section.  Below  the  railroad  bridge  a  layer  of 
calcareous  sandstone  eight  inches  thick  appears  between  Nos.  3 
and  2.  •  This  is  very  susceptible  to  the  weathering  agencies,  and 

its  breaking  down  forms  a  reentrant  in  the  quarry  face. 

A  small  quarry  has  been  opened  in  the  northern  part  of  sec- 
tion 14,  Kensett  township,  and  some  stone  removed  to  supply 
a  local  demand  for  the  purpose  of  rough  masonry.  The  argil- 
laceous dolomite  has  here  been  quarried  to  a  depth  of  six  feet. 
A  thin  layer  of  sandy,  shaly  and  weathered  limestone  occurs 
between  strata  of  the  dolomite.  All  the  layers  shown  at  this 
exposure  have  suffered  more  or  less  from  weathering  and  are 
of  little  value  as  building  material. 

At  Fertile  an  outcrop  in  the  south  bank  of  the  stream,  below 
the  wagon  bridge,  gives  the  following  section: 


t 


I           3.    Hard  limestone,  badly  shattered  into  small  blocks  by  weath- 
ering        4% 

2.    Arenaceous  shaly  limestone,  very  slight  effervescence  with 

dilute  HCl 8 

1.    Heavy-bedded,  subcrystalline,  dolomitlc  limestone,  to  water 

level B 

Bed  No.  2  gives  way  much  more  readily  to  weathering  than 
the  other  members  and  is  conspicuous  as  a  reentrant  along  the 
face  of  the  exposure.  A  small  amount  of  stone  has  been  quar- 
ried at  the  east  edge  of  the  town  in  a  low  terrace  to  the  north 
of  Lime  creek. 

Limestone  outcrops  along  Willow  creek  along  the  roadway 
between  sections  29  and  30,  Danville  township.    A  considerable 
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area  is  available  here  under  light  stripping.  Both  the  white 
and  the  brown  limestone  are  of  excellent  quality  for  crushed 
stone  products. 

The  quarry  industry  of  Worth  county  has  been  developed 
only  to  the  extent  of  supplying  a  local  demand  in  the  imme- 
diate vicinities  of  the  exposures  of  the  limestone  beds.  Prac- 
tically all  that  has  been  used  for  building  purposes  has  been 
from  the  compact,  light  colored  stratum  and  the  underlying 
dark  magnesian  layer  given  in  the  sections  along  the  Shell 
Bock.  The  former  is  well  suited  for  road  material  and  concrete 
work,  while  the  latter,  which  is  the  equivalent  of  the  Mason 
City  dolomite,  is  considered  one  of  the  best  and  most  durable 
building  atones  taken  from  the  several  quarries  in  Cerro  Gordo 
county.  This  stone  is  well  exposed  to  a  thickness  of  ten  to 
twelve'  feet  in  the  northern  part  of  Lincoln  township,  where 
the  Chicago  Great  Western  crosses  Shell  Eock  river,  and  in  a 
location  where  conditions  are  favorable  for  development. 


Flo.   65 — lowan   bowlder  field   In  northwestern  Lincoln   townihlp.   Worth  county. 


WRIGHT  COUNTY. 

Sanb  and  Qoavel. 

Wright  county  lies  wholly  within  the  Wisconsin  drift  area. 
Two  drainage  systems  are  represented  in  the  county:  Iowa 
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river  in  the  eastern  portion,  and  Boone  river,  the  most  impor- 
tant tributary  of  Des  Moines  river,  which  drains  the  western 
two-thirds  of  the  county.  The  former  stream  is  the  more  im- 
portant as  a  source  of  sand  and  gravel.  Iowa  river  and  its 
largest  tributary  in  the  county.  West  Branch,  have  well  marked 
terraces  almost  throughout  their  courses  within  the  confines 
of  the  county.  The  terraces  are  best  developed  in  the  vicinity 
of  Belmond,  where  extensive  pits  have  been  opened  by  all  of 
the  railways  entering  the  town.  The  principal  terrace  varies 
from  fifteen  to  thirty  feet  above  the  water  in  the  river.  The 
terrace  rises  up  stream.  At  Belmond  it  is  about  twenty  feet 
above  the  river  level.    The  usual  terrace  section  is : 

FEET. 

Alluvium    1-3 

Sand  and  graTel 12-15 

Bowlder  clay,  exposed  at,  or  about  3  to  6  feet  aboye  water 
level. 

Pebbles  above  two  inches  in  diameter  are  relatively  rare,  al- 
though occasional  cobbles  up  to  six  inches  in  diameter  are 
present.  Limestone  pebbles  are  conspicuous.  Sand  as  a  rule 
predominates.  Cross-bedding  is  common  and  prevails  below, 
while  more  or  less  horizontal  bedding  is  the  rule  above.  The 
terrace  attains  a  width  up  to  three-fourths  of  a  mile  or  more, 
and  is  persistent  on  one  or  both  sides  of  the  river.  The  grade 
of  the  present  river  is  low  and  the  terrace  rises  up  stream,  the 
•materials  becoming  coarser.  The  town  of  Belmond  is  in  large 
part  built  on  the  terrace.  While  the  terrace  rises  relatively 
up  stream  when  compared  with  the  present  grade  of  the  river, 
the  gravels  do  not  thicken  appreciably  as  the  bog  line  below 
the  gravels  also  rises. 

'  The  terrace  on  West  Branch  is  almost  identical  with  the 
Iowa  river  terrace  but  rises  more  rapidly  up  stream  and  is 
not  so  well  developed.  In  section  12,  Belmond  township,  the 
terrace  rises  some  forty  feet  on  the  west  side  of  the  branch, 
while  the  bog  line  is  about  fifteen  feet  above  the  water  level. 
Between  the  top  of  the  bog  line  and  the  stream  channel  large 
bowlders  are  strewn  over  the  surface  in  some  abundance.  Near 
the  channel  the  bowlders  are  less  conspicuous  on  account  of 
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natural  levees  of  alluvium.  West  Branch  has  a  steep  grade — 
much  steeper  than  the  river  itself.  There  is  a  pit  opened  in 
the  extreme  northwest  comer  of  Belmond  township.  The  gravel 
is  coarser  here  than  in  the  pits  farther  down  stream.  The 
section  exposed  is  about  as  follows: 


4.  AUuviuin    1-ft 

3.  Gravel  and  sand,  more  or  less  evenly  bedded 2-4 

2.  Gravel,  coarse  cobbles  up  to  four  or  five  Inches  in  diameter. .    2-3 

1.  Gravel  and  sand,  variable  in  texture  and  bedding 6 

Cross-bedding  is  evident  in  number  1  of  the  above  section. 
The  section  as  a  whole  affords  material  excellently  adapted  for 
road  work  and  all  save  the  alluvium  may  be  used  for  concrete. 

The  leading  railway  pits  are  at  present  located  in  sections 
19  and  30,  Pleasant  township,  and  12  in  Belmond  township. 

Crude  methods  are  used  for  loading  the  material,  the  com- 
monest of  which  are  the  team  and  scraper  with  the  incline  and 
platform  with  trap. 

Boone  river  is  also  terraced  but  the  terraces  are  less  well 
developed  than  those  along  Iowa  river.  Pits  have  been  opened 
in  section  32,  Eagle  Grove  township.  The  material  is  sand 
and  some  gravel  and  occasional  cobbles,  and  contains  consid- 
erable clayey  and  silty  material.  The  terrace  here  is  from 
twenty-five  to  thirty  feet  above  the  river.  Seven  to  ten  feet 
of  sand  and  gravel  under  from  two  to  three  feet  of  stripping 
are  available.  Much  coarser  material  appears  along  the  road- 
way in  sections  18  and  19  in  the  same  township,  but  little 
development  work  has  been  done.  The  most  extensive  pit  in 
this  neighborhood  is  located  in  the  northeast  quarter  of  sec- 
tion 7  on  a  small  tributary  just  above  its  junction  with  Boone 
river.  The  gravel  runs  from  five  to  seven  feet  in  depth  on  a 
terrace  some  fifteen  feet  above  the  river  level.  The  gravel  is 
fairly  coarse  and  much  iron-stained.  Limestone  pebbles  pre- 
vail. A  few  bowlders  are  present  but  few  of  the  pebbles  are 
over  an  inch  in  diameter.  Similar  deposits  are  available  both 
north  and  south  of  Eagle  Grove  township.  Occasional  bars 
and  sand  flats  occur  in  the  channel  of  the  river,  but  so  far  as 
known  gravel  is  scarce  or  wanting  in  such  deposits. 


i 
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The  Boone  river  terraces  afford  a  sufficient  supply  of  ma- 
terial suitable  for  road  work. to  meet  the  local  demand.  The 
deposits  as  a  rule  are  not  being  utilized  extensively.  The  local 
supply  is  not  so  well  suited  for  concrete  work  on  account  of 
high  percentage  of  silt,  clay  and  fine  sand.  Most  of  the  gravel 
used  for  city  work  in  Eagle  Grove  is  shipped  in  from  Mason 
City  and  Belmond. 

In  addition  to  terrace  and  stream  sand  and  gravel,  some 
material  for  road  work  may  be  obtained  from  kame  deposits 
in  the  morainal  tracts.  Such  tracts  are  best  developed  near 
Dows,  through  Vernon  and  Blaine  townships,  a  belt  east  of 
Cornelia  in  Grant  and  Belmond  townships  and  a  less  important 
belt  northwest  of  Wall  lake  in  Wall  Lake  township.  The  kame 
gravels  are  much  more  variable  in  every  way  than  are  the 
stream  and  terrace  materials. 

Wright  county  has  enough  sand  and  gravel  not  only  for 
home  use  but  for  export  to  less  favored  counties.  Pits  could  be 
opened  in  the  Iowa  river  terrace  near  Belmond  where  road 
and  concrete  material  could  be  produced  by  the  train  load  at 
small  cost. 
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TESTS  AND  ANALYSES  OF  IOWA  LIMESTONES,  SANDS  AND 

aBAVELS. 

Among  the  various  properties  of  stone  or  gravel  that  is  to 
be  used  for  road  construction,  three  are  of  such  importance  as 
to  determine,  in  most  cases,  the  value  of  the  materials  for  the 
purpose.  These  three  are:  cementing  value,  toughness,  and 
hardness. 

In  order  to  determine  the  relative  value  of  various  materials 
for  road  construction,  numerous  tests  have  been  proposed  for 
these  three  properties  and  finally  standard  methods  of  testing 
have  been  adopted.  The  tests  in  themselves  determine  the  de- 
gree of  the  various  properties  possessed  by  a  certain  stone,  yet 
the  value  of  the  determination,  so  far  as  the  suitability  of  the 
material  for  road  construction  is  concerned,  is  that  it  forms 
a  basis  for  comparing  the  material  with  other  materials  that 
have  been  satisfactory  in  service.  That  is  to  say,  by  a  careful 
study  of  the  records  of  tests  that  have  been  made  upon  mate- 
rials which  have  been  used  for  road  purposes,  approximate 
limits  may  be  determined  for  the  various  properties  of  the 
stone. 

Cementing  Value. — By  ** cementing  value"  is  meant  that  qual- 
ity in  finely  broken  stone  which  will  cause  it  to  cement  together 
when  mixed  wdth  water.  If  broken  stone  or  gravel  possesses 
sufficient  cementing  value,  a  road  surface  made  with  it  will 
compact  readily  under  rolling,  or  when  subjected  to  traffic,  and 
the  individual  stones  will  be  held  in  the  surface  by  the  cement- 
ing action  of  the  fine  dust  which  surrounds  them.  If  the  stone 
possesses  insufficient  cementing  value,  the  pieces  which  make 
up  the  surface  will  be  loosened  by  traffic  and  will  finally  be 
dislodged.  When  this  happens  to  a  great  number  of  pieces 
in  the  surface,  a  serious  deterioration  results. 
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The  cementing  value  of  a  stone  is  determined  as  follows: 
One-half  kilogram  of  the  stone  to  be  tested  is  broken  to  a  size 
ranging  from  one-half  inch  down,  and  placed  in  a  ball  mill  along 
with  about  90  cubic  centimeters  of  water.  The  ball  mill  is 
rotated  for  2%  hours  at  2,000  revolutions  per  hour.  During 
this  time  the  stone  and  water  wiU  be  ground  into  a  stiflf  paste. 
The  paste  is  molded  under  pressure  into  cylindrical  briquettes 

25  centimeters  in  diameter  and  25  cm.  high.  The  pressure 
used  is  the  same  for  each  briquet,  and  is  usually  132  kg.  per 
square  cm.  cross  section  from  the  briquet.  The  briquets  are 
cured  in  a  uniform  manner,  and  then  subjected  to  repeated 
blows  from  a  hammer  weighing  1  kg.  which  drops  a  distance  of 
1  cm.  at  each  blow.  The  number  of  blows  required  to  break 
the  briquet  is  taken  as  a  measure  of  the  cementing  value,  and 
for  any  sample  of  stone  the  average  value  of  five  briquets  is 
taken  as  the  cementing  ¥alue  of  the  stone.  The  determina- 
tion is  not  an  exact  one  and  the  conditions  under  which  the 
test  is  made  may  affect  the  results  very  materially.  The  test 
should  always  be  skillfully  made  in  a  laboratory  so  equipped 
as  to  enable  the  operator  to  duplicate  conditions  for  each  test. 
A  cementing  value  below  10  is  low;  from  10  to  25,  fair;  from 

26  to  75,  good;  from  76  to  100,  very  good;  and  above  100,  ex- 
cellent. In  general,  satisfactory  results  with  macadam  roads 
are  not  obtained  if  the  cementing  value  of  the  stone  is  below 
50  and  a  value  of  75  or  more  is  preferable. 

Toughness. — The  toughness  of  a  stone  is  its  ability  to  re- 
sist the  shock  of  the  pounding  of  horses'  hoofs  or  the  jar  of 
heavy  vehicles  coming  upon  the  stone  when  it  is  firmly  bedded 
in  the  surface  of  a  road. 

• 

Hardness. — Hardness  is  the  property  of  a  stone  which  en- 
ables it  to  resist  the  abrasive  action  of  the  steel  tires  on  heavily 
loaded  vehicles  passing  over  the  stone  when  it  is  firmly  bedded 
in  the  surface  of  the  road. 

A  test  was  devised  by  the  Department  of  Bridges  and  High- 
ways of  France,  which  has  been  in  use  for  many  years  for 
determining  both  hardness  and   toughness.     It  is  known  as 
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the  '*I>eval  Test,"  and  the  results  may  be  expressed  as  a  per- 
centage, or  in  terms  of  the  French  CoeflScient  of  Wear. 

The  Deval  Test. — The  machine  used  for  the  Deval  test  is 
known  as  the  Deval  Machine,  and  consists  of  two  or  more 
hollow  cast  iron  cylinders  20  cm.  in  inside  diameter  and  34  cm. 
long,  one  end  of  each  being  provided  with  a  cover  that  can 
be  fastened  on  sujficiently  tight  to  retain  all  dust  resulting 
from  the  operation  of  the  machine.  The  cylinders  are  attached 
to  a  shaft  with  their  axes  at  an  angle  of  30'  with  the  shaft. 
The  stone  to  be  tested  is  placed  in  one  of  the  cylinders  and  as 
it  revolves  the  stone  is  thrown  from  one  end  of  the  cylinder 
to  the  other,  thus  being  subjected  to  abrasion  because  of  the 
contact  of  the  pieces  with  each  other,  and  also  being  subjected 
to  a  mild  blow  when  it  strikes  the  ends  of  the  cylinder.  Ap- 
proximately five  kilograms  of  the  stone  are  used  for  test,  and 
when  possible  the  charge  should  consist  of  50  pieces  as  nearly 
uniform  in  size  as  may  be  selected.  The  cylinders  are  rotated 
for  10,000  revolutions  at  the  rate  of  30  to  33  revolutions  per 
minute.  When  the  required  number  of  revolutions  has  been 
made  the  material  is  taken  from  the  cylinders  and  screened 
over  a  l-16th  inch  screen  and  that  which  passes  through  is 
the  amount  of  loss  during  the  test.  If  the  result  is  to  be  ex- 
pressed in  terms  of  per  cent  of  wear,  the  per  cent  would  be 
obtained  by  dividing  the  weight  of  the  material  which  passed 
the  l-16th  inch  screen,  by  the  weight  of  the  original  sample. 
If  the  result  is  to  be  expressed  in  terms  of  the  French  Co- 
efficient of  Wear : 

400 

French  Coefficient  of  Wear= 

W 

Where  W=the  loss  by  abrasion  per  kg.  of  the  original  sample. 
When  expressed  in  terms  of  the  French  Coefficient  of  Wear 
a  value  below  8  is  low;  8  to  13  is  medium;  14  to  20  is  high; 
and  above  20  is  very  high. 

The  results  of  a  number  of  tests  for  the  cementing  value  of 
Iowa  materials  are  given  in  Table  III,  and  it  will  be  noted 
that  there  are  very  few  samples  having  a  cementing  value  less 
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TABLE  NO.  I. 
MECfiANICAL  ANALYSES  OF  CRUSHED  STONE. 


No. 


OouDty 


Town 


Per  Cent 

Retained 

on  \i  In. 

Screen 


Per  Cent 
Retained 

on  1  in. 

Screen 


20  Allamakee  . 

7  Appanoose . 

87  Black  Hawk 

88  Black  Hawk 

73  Black  Hawk 

74  Black  Hawk 

78  Benton 

80  Benton  

82  Benton  ___.. 

83  Benton  

F5  Ronton  

72  "^^onton 

79  Bremer 

48  Buchanan  .. 

89  Butler 

81  Butler 

75  Cedar 

63  Cedar 

64  Cedar 

6  Cedar . 

3  Cedar 

66  Cerro  Gfordo 

92  Chickasaw  _. 

41  Clayton  — . 

42  Clayton  _— . 

43  Clayton   __.. 

24  Clayton  — . 

76  Clinton 

21  Clinton 

62  I  ainton 

44  Decatur  

60  Des  Moines  . 

58  Des  Moines  . 

28  Fayette 

26  Fayette 

94  Floyd 

95  Franklin  J. _. 

77  Franklin  — . 
86  Grundy 

9  Hardin 

97  'Howard  

23  Jackson   

11  Jackson  

.2  .  Jackson  

93  Johnson 

91  Johnson 

34  Jones 

25  Jones  

22  Jones  

10  Jones 

8  Jones _. 

5  Jones 


Lansing 

Centerville 

Cedar  Falls 

Laporte  City 

Waterloo  

Waterloo  

Vinton 

Garrison 

Mt.  Auburn 

Shellsburg  

Shellsburg  

Vinton 

Waverly   

Independence 

Dumont   

Greene  

Lowden  

Cedar  Valley 

Tipton  

Tipton  

Lowden  

Mason  City 

Chickasaw  

Luana  

North  McGregor  — 

Elkader  _. 

Guttenberg  

Clinton   

Lyons  

Charlotte , 

Davis  City  _J— . 

Cascade 

Cascade 

Fayette  

Clermont  

Charles  City 

Hampton  

Hampton  

Conrad 

Iowa  Falls 

Cresco   

Maquoketa 

Maquoketa  — 

Monmouth 

Iowa  City 

Iowa  City 

Stone  City 

Stone  City 

Olin 

Hale  

Stone  City 

MonticoUo  


73.063 

82.50 

86.0    . 

84.4 

81.7 

84.5 

81.4 

79.1 

84.0 

83. 

84.4 

83.6 

84.4 

78.74 

81.8 

83.75 

81.3 

80.93 

81.4 

89.562 

69.50 

15.5 

84. 

85.12 

94.07 

88.12 

75.500 

81.0 

67.312 

82. 

84.26 

71.60 

73.48 

65.813 

60.562 

90.7 

74.6 

84. 

84. 

86.8 

74.9 

68.312 

69.469 

43.00 

84.8 


17.750 
15.50 

7.4 

8. 

9.4 

6.9 

9.3 
10. 

8.5 

8. 

6.7 

8.8 

7.7 
16.37 

9.6 

8.5 

8.2 

9.31 

9.5 

9.407 
14.30 
47.0 

9.06 

9.86 

3.3 

5.8 
15.656 

8.4 
21.781 

8.9 

8.9 
16.62 
12.64 
24.250 
25.938 

6.15 
11.4 

6.1 

4. 

7.5 
13.3 
17.250 
17.750 
24.00 

8.6 


Per  Cent 
I'asised 
1  tn. 
Screen 


9.187 

2.00 

6.6 

7.6 

8.9 

8.6 

9.3 
10.9 

7.5 

9. 

8.9 

7.6 

7.9 

4.62 

8.6 

7.75 
10.5 

9.76 

9.1 

1.031 
16.20 
41.5  . 

6.94 

4.87 

2.5 

5:6 

8.844 
10.6 
10.907 

9.1 

6.65 
11.78 
13.84 

9.937 
13.500 

3.15 
14.0 

9.9 
12. 

5.0 
11.8 
14.438 
12.781 
33.00 

6.6 


61.563 

24,250 

14.187 

77.00 

15.875 

7.125 

.     65.594 

21.469 

12.937 

71.906 

18.125 

9.96d 

65.063 

17.687 

17.250 

84.344 

10.063 

5.594 
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TABLE  NO.  I— Continued 


No. 


County 


Town 


Per  Cent 
Retained 

on  li  in. 

Screen 


Per  Cent 

Retained 

on  1  In. 

Screen 


Per  Cent 

Passed 

1  in. 

Screen 


4  ' 
61  , 
59  ' 
54 

55  . 

56  : 

57  I 

49  I 

50  , 
46 
47 
14 
12 
90 
39 
36 
37 
96 
67 
98 
35 
19 
68  ' 
69 
70 
71  , 

51  I 
52 
53 
29 
30 
31 
32 
33 
13 
18 
17 
16 
15 
45 
40 
27 

1 


Jones 

Lee 

Lee 

Lee  

Lee 

Lee 

Lee 

Lee 

Lee 

Lee  

Lee 

Linn 

Linn 

Louisa 

Madison 

Madison  ... 
Madison  ... 
Mitchell  — 
Muscatine  . 
Pocahontas 

Scott  

Scott  

Tama 

Tama 

Tama 

Tama 

Van  Buren 
Van  Buren  . 
Van  Buren . 
Van  Buren  . 
Van  Buren  _ 
Van  Buren  - 
Van  Buren  _ 
Van  Buren  . 
Wapello  -.- 
Wapello  — 
Wapello  .-_ 

Wapello 

Wapello  ... 

Winneshiek 

Winneshiek 

Winneshiek 

Winneshiek 


38     NewUlm 


Monticello  — 

Keokuk  

Ft.  Madison  _. 

Keokuk   

Franklin 

Keokuk  

Keokuk  

Keokuk   

Keokuk   

Montrose   

Keokuk   

Cedar  Rapids 
Cedar  Rapids 
Morning  Sun  . 

Winterset 

Earlham  

Peru  

Osage 

Fairport  

Gilmore  City 

Buffalo  

I/C  Claire 

Montour  

Montour  

Montour  

Montour  

Keosauqua  

Keosauqua 

Farmington  .. 
Farmington  .. 
Keosauqua  ... 
Keosauqua  ... 
Keosauqua  ... 
Van  Buren  ... 

Cliffland 

Ottumwa  

Ottumwa 

Ottumwa  

Ottumwa  

Decorah  

Dccorah : 

Ft.  Atkinson  . 
Decorah 


Minnesota 


78.80 
93.80 
76.67 
81.86 
61.50 
74.74 
69.44 
77.6 
79.74 
39.0 
44.7 
73.25 
69.156 
84.94 
83.38 
100.0 
100.00 
80.1 
78. 
84.50 
81.0 
76.00 
89.75 
84.1 
83.6 
87.1 
79.0 
76.12 
82.32 
58.344 
74.00 
64.00 
65.688 
65.500 
74.344 
68.938 
63.906 
73.906 
74.750 
75.48 
87.12 
68.812 
81.24 

82.96 


13.30 
3.30 
11.25 
10.00 
27.50 
14.62 
20.3 
15.1 
11.11 
37.0 
42.74 
16.375 
22.187 
7.06 
15.36 


10.6 

6.25 

8.50 
19.0 
17.094 

5.75 
10.8 

9.5 

7.1 
10.8 
15.86 
10.17 
32.687 
17.00 
25.812 
23.812 
24.313 

9.469 
19.563 
23.906 
16.563 
15.281 
12.52 

7.46 
20.500 

9.76 

16.00 


7.90 

2.90 
ILIO 

8.12 
11.00 
10.62 
10.2 

6.1 

9.10 
24.0 

2.5 
10.375 

8.657 

8. 
.65 


9.3 

15.75 

7.00 


6.906 

4.5 

4.1 

6.9 

5.8 
10.2 

7.74 

6.88 

8.969 

9.00 
10.187 
10.500 
10.187 
16.187 
11.500 
12.188 

9.531 

9.969 
12.00 

5.12 
10.688 

9.00 

.5 
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TABLE  NO.  II. 
ABRASION  AND  IMPACT  TESTS 


No. 


County 


Size  of  Specimens 


Screen 
Passed 


Retained 
on 


Per  Cent  of  Wear 


Max. 


Min. 


Mean 


Mean 
Coeffl- 
I      cient 
I  (French) 


20 

20 

7 

7 

87 
87 
88 
88 
73 
73 
74 
74 
78 
78 
80 
80 
82 
82 
83 
83 
85 
85 
72 
72 
79 
79 
48 
48 
89 
89 
81 
81 
75 
75 
63 
63 
64 
64 

6 

6 

3 

3 

66 
66 
92 
92 

41  ' 
41 

42  1 
42 
43 


Allamakee   

Allamakee   

Appanoose  

Appanoose  

Black  Hawk 

Black  Hawk 

Black  Hawk 

Black  Hawk 

Black  Hawk 

Black  Hawk 

Black  Hawk 

Black  Hawk 

Benton 

Benton  

Benton  

Benton  

Benton  

Benton  

Benton 

Benton  

Benton 

Benton 

Benton  

Benton  

Bremer 

Bremer 

Buchanan  

Buchanan  

Butler    

Butler    

Butler 

Butler 

Cedar   

Cedar   

Cedar   

Cedar   

Cedar   

Cedar   

Cedar   

Cedar   

Cedar   

Cedar    

Cerro  Gordo 

Cerro  Gordo 

Chickasaw 

Chickasaw 

Clayton  

Clayton  

Clayton  

Clayton  

Clayton  


2h  in. 

Ui 

Uin. 

fi 

2Jin. 

Ui 

U  in. 

li 

2Ain. 

Ui 

Hin. 

li 

2*  in. 

Ui 

lUn. 

-li] 

2Hn. 

Ui 

Uin. 

li 

2i  in. 

Ui 

Uin. 

li 

2h  in. 

Ui 

Uin. 

11 

2h  in. 

Ui 

Uin. 

lii 

2*  in. 

Ui 

Uin. 

li 

2Hn. 

Ui 

Uin. 

li] 

2Hn. 

Ui] 

li  in. 

li] 

2*  in. 

Ui] 

Uin. 

li] 

2iin. 

Ui] 

Uin. 

li 

2Hn. 

Ui 

Uin. 

11 

2iin. 

Ui 

Uin. 

li 

2Hn. 

Ui 

Uin. 

li 

2^  in. 

Ui 

Uin. 

li 

2Ain. 

Ui 

Uin. 

li 

2iin. 

Ui 

Uin. 

li 

2^  in. 

Ui 

Uin. 

li 

21  in. 

Ui 

Uin. 

li 

2iin. 

Ui 

Uin. 

li 

2Un. 

Ui 

Uin. 

li 

21  in. 

Ui 

Uin. 

li 

21  In. 

Ui 

Uin. 

li 

2Hn. 

Ui 

in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 


5.4 
4.3 
4.6 

12.6 
6.2 
3. 

10.4 
8. 

11.4 
4.2 

10.4 
4.4 
6.5 
2.6 
6.6 
3.4 
4. 
6.2 
8.6 
5.2 
7.4 
4. 
6.4 
3.8 
5.4 
3. 
7.0 
4.6 
5. 
3. 
6.2 
2.4 

17.2 
9.4 

16.2 
9.8 
6.4 
4. 
9.6 
6.2 


5.0 

4.22 

4.5 

13.2 
6. 
2.4 

10. 
6. 

11. 
4. 

10. 
4. 
6.5 
2.5 
5.6 
3. 
4. 
6. 
8.2 
4.6 
6.6 
3. 
6.2 
3.6 
5. 
2.4 
7.0 
4.0 
4.2 
2.6 
6. 
2.2 

15.6 
8.4 

16. 
9.2 
6.4 
3.4 
9.5 
5.8 


1 

2.1 

.18  1 

10.2 

9.8 

4. 

3.8 

8.4 

8.2 

6.4 

5.6 

9.5 

8.5 

11.0 

9"4 

5.2 

4.26 

4.55 

12.9 
6.1 
2.7 

10.2 
7. 

11.2 
4.1 

10.2 
4.2 
6.5 
2.55 
6.1 
3.2 
4. 
6.1 
8.4 
4.9 
7. 
3.5 
6.3 
3.7 
5.2 
2.7 
7.0 
4.3 
4.6 
2.8 
6.1 
2.3 

16.7 
8.9 

16.1 
9.5 
6.4 
3.7 
9.55 
6.0 

17.5 

12.1 
4.4 
1.14 

10. 
3.9 
8.3 
6.0 
9.0 
4.8 

10.2 


7.70 
9.38 
S.80 
3.12 
6.56 

11.11 
3.92 
5.62 
3.57 
9.75 
3.82 
9.58 
6.16 

15.68 
6.55 

12.5 

10. 
6.55 
4.76 
8.17 
5.71 

11.42 
6.35 

10.8 
7.68 

11.11 
5.71 
9.3 
8.69 

14.28 
6.55 

17.39 
2.33 
4.49 
2.48 
4.21 
6.25 

10.81 
4.18 
6.67 
2.28 
3.31 
9.09 

34.2 
4. 

10.25 
4.82 
6.6 
4.4 
8.3 
3.9 
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TABLE  NO.  n— OONTINTJED 


No. 


Couoty 


Size  of  SpedmeDs 

Per  Cent  of  Wear 

Screen 
Passed 

Retained 
on 

Max. 

Mln. 

Mean 

43  Clayton  

24     Clayton  

24  Clayton  

76     Clinton 

76  Clinton 

21  I  Clinton 

21  Clinton 

62     Clinton 

62    Clinton 

44  Decatur  

44    Decatur  

60  '  Des  Moines 

60  .  Des  Moines 

58  I  Des  Moines 

58    Des  Moines 

28    Fayette 

28  ,  Fayette 

26     Fayette 

26    Fayette 

94     Floyd 

94  Floyd 

95  Franklin 

95     Franklin 

77  Franklin 

77     Franklin 

86     Grundy 

86  !  Grundy 

9  I  Hardin 

9     Hardin  

97     Howard 

97     Howard 

23    Jackson  

23  '  Jackson  

11     Jackson  

11     Jackson  

2     Jackson  

2     Jackson  

93     Johnson 

93  :  Johnson  

91     Johnson  

91     Johnson  

34     Jones 

34  .  Jones 

25  Jones 

25  '  Jones 

22  Jones 

22     Jones 

10     Jones 

10     Jones 

8  I  Jones  

8    Jones  

5    Jones 

5    Jones 

4    Jones ^ 


Mean 

Ooeffl- 

cient 

(French) 


2 
1 


2 
1 
2 
1 


1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 


in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in 

in. 

in. 

in.    > 

in.    I 

in. 

in.    '. 

in. 

in. 

in. 

in.    I 

in. 

in. 

in.. 

in. 

in. 


fin. 
Uin. 

I  in. 
Uin. 

I  in. 
Uin. 

I  in. 
Uin. 

I  in. 
Uin. 

I  in. 
Uin. 

iin. 
Uin. 

Iin. 
Uin. 

Jin. 
Uin. 

Iin. 
Uin. 

Iin. 
Uin. 

Iin. 
Uin. 

Iin. 
Uin. 

lia 
Uin. 

Iin. 
Uin. 

Iin. 
Uin. 

Iin. 
Uin. 

Iin. 
Uin. 

Iin. 
Uin. 

Iin. 
Uin. 

Iin. 
Uin. 

Iin. 
Uin. 

Iin. 
Uin. 

Iin. 
Uin. 

Iin. 
Uin. 

Iin. 
li  in. 

Iin. 
Uin. 


5.0 
5.8 
5.0 

13. 
6. 

10.60 
9.10 

10. 

17.2 
4.8 
3.2 
8.0 
5.8 


6.5 

7.1 
20.1 
15.52 

8.4 

5.4 
12.2 

5.6 
11.4 

5.2 
10.4 

5. 


7.8 
13.4 
10.3 

7.1 
12.5 
13.2 


8.4 


3.4 

7.0 

5.0 

4.2 

3.5 

17.62 

13.2 

7.0 

7.2 

12.44 

11.9 

10.72 

7.16 


46 
5.5 
4.8 

11. 
5. 

8.50 
9.00 
9.4 

17. 
2.6 
2.4 
7.0 
5.0 


5.8 

6.7 
16.4 
14.82 

7.8 

3.4 
10.6 

4.6 
10. 

5. 
10. 

4.6 


7.6 

8. 
10.1 

6.8 
11.5 
13.2 


8.2 


3. 
6.6 
4.0 
4.1 
3.46 
17.42 
12.8 
6.6 
6.8 
9.56 
11.8 
10.50 
6.10 


4.8 

5.65 

4.9 
12. 

5.5 

9.55 

9.05 

9.7 
17.1 

3.7 

2.8 

7.5 

5.4 
12.4 

8.4 

6.15 

6.9 
18.25 
15.17 

8.1 

4.4 
11.4 

5.1 
10.7 

5.1 
10.2 

4.8 

5.1 

3.2 

7.7 
10.7 
10.2 

6.95 
12.0 
13.2 
10.2 
6.45 

8.3 

5.0 

4.2 

3.2 

6.8 

4.5 

4.15 

3.48 
17.52 
13.0 

6.8 

7.0 
10.00 
11.85 
10.61' 

6.63 

7.9 


8.3 

7.08 
8.17 
3.33 
7.27 
4.18 
4.42 
4.12 
2.34 
10.8 
14.3 
5.33 
7.4 
3.22 
4.76 
6.51 
5.80 
2.195 
2.64 
4.94 
9.1 
3.5 
7.34 
3.73 
7.84 
3.92 
8.33 
7.8 
12.2 
5.19 
3.74 
3.92 
5.76 
3.33 
3.04 
3.9 
6.2 
4.82 
8. 

9.76 
12.5 
5.88 
8.78 
9.64 
11.50 
2.28 
3.08 
5.88 
5.71 
4.00 
3.38 
3.77 
6.04 
5.07 
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TABLE  NO.  II— Continued 


No. 


County 


Size  of  Specimens 


Screen 
Passed 


Retained 
on 


Per  Cent  of  Wear 


Max. 


Min. 


Mean 


Mean 

Uoeffi- 
cient 

(Frencta) 


4 
61 
61 
59 

59 
54 
54 
55 
55 
56 
56 
57 
57 
49 
49 
50 
50 
46 
46 
47 
47 
14 
14 
12 
12 
90 
90 
39 
39 
36 
37 
96 
96 
67 
67 
98 
98 
35 
35 
19 
19 
68 
68 
69 
69 
70 
70 
71 
71 
51 
51 
52 
52 
53 


Jones  

Lee  

Lee 

Lee  

Lee  

Lee  

Lee  

Lee  

Lee  

Lee  

Lee  

Lee  

Lee  

Lee  

Lee  

Lee  

Lee  

Lee  

Lee  

Lee 

Lee  

Linn 

Linn 

Linn 

Linn  - 

Louisa 

Louisa 

Madison 

Madison 

Madison 

Madison 

Mitchell  

Mitchell 

Muscatine 

Muscatine  — . 
Pocahontas  . 
Pocahontas  . 
Scott  


Scott  

Scott  

Scott  

Tama    

Tama   

Tama 

Tama 

Tama 

Tama 

Tama 

Tama 

Van  Buren 
Van  Buren 
Van  Buren 
Van  Buren 
Van  Buren 


Uin- 
2iin. 
Uin. 
2i  in. 
liin. 
2iin. 
Hin. 
2iin. 
Hin. 
2Hn. 
n  in. 
2Hn. 
Uin. 
2iin. 
li  in. 
2Hn. 
Uin. 
2Hn. 
Uin. 
2Hn. 
Uin. 
2Hn. 
U  in. 
2Jin. 
Uin. 
2Un. 
Uin. 
2Hn. 
U  in. 
2iin. 
2Hn. 
2Hn. 
Uin. 
2iin. 
Uin. 
2Hn. 
Uin. 
2Hn. 
Uin. 
2Hn. 
Uin. 
2*  in. 
IHn. 
2Hn. 
Uin. 
2iin. 
Uin. 
2iin. 
llin. 
2iin. 
Uin. 
2i  in. 
Uin. 
2iin. 


I 


f 

U 

I 

u 

i 

U 

3 
U 

f 
U 

i 
U 

I 

u 

i 
U 

U 

I 
U 

f 
U 

i 
U 

I 
U 

i 

u 
I 

u 

u 

u 

I 

u 

f 

u 

f 

u 
I 

u 

I 

u 

u 
I 

u 
I 

u 
I 

u 

I 

u 

i 

u 


n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 


7.4 
4.0 


3.2 
2.4 
6.2 
4.8 


4.8 

4.0 

7.8 

5.6 

5.0 

4.0 

4.8 

3.6 

9.44 

8.42 

4.40 

7.6 

7. 

3.4 

4.0 

2.3 

4.8 

4.0 

7.2 

4.8 

53. 

55. 
4.4 


7.0 
3.8 


3.0 
2.2 
6.2 
4.4 


4.8 
3.8 
7.6 
4.8 
4.8 
32 
4.6 
3.4 
5.56 
4.76 
2.64 
7.6 
6.4 
3. 
3.6 
2.2 
4.0 
3.6 
6.8 
4.6 
47.8 
53.6 
4.1 


2.8 

2.6 

4.3 

4.0 

2.9 

2.6 

3.6 

2.9 

4.00 

3.80 

;       5.6 

5.4 

2.4 

2. 

8.4 

8. 

4. 

3. 

15.4 

14. 

10.2 

6.4 

6.6 

6. 

4. 

3.6 

9.0 

8.4 

3.6 

3.0 

5.6 

5.4 

5.2 

5.2 

6.1 
7.2 
3.9 
8.2 
6.6 
4.0 
2.5 
3.1 
2.1 
6.2 
4.6 
4.6 
3.4 
4.8 
3.9 
7.7 
5.2 
4.9 
3.6 
4.7 
3.5 
7.50 
6.59 
3.52 
7.6 
6.7 
3.2 
3.8 
2.25 
4.4 
3.8 
7.0 
4.7 
50.4 
54.3 
4.25 
2.7 
4.15 
2.75 
3.25 
3.90 
5.5 
2.2 
8.2 
3.5 
14.7 
8.3 
6.3 
3.8 
8.7 
3.3 
5.5 
5.2 
6.0 


6.56 

5.5 
10.2 

4.87 

6.06 
10.00 
16.00 
12.1 
19.0 

6.4 

8.7 

8.7 
11.7 

8.23 
10.2 

5.2 

7.7 

8.01 
11.1 

8.5 
11.4 

5.34 

6.07 
11.37 

5:27 

5.95 
12.5 
10.5 
18.0 

9.1 
10.5 

5.72 

8.51 
.79 
.73 

0.975 

1.54 

9.65 
14.52 
12.30 
10.25 

7.27 
18.18 

4.87 
11.42 

2.72 

4.81 

6.34 
10.5 

4.6 
12.1 

7.27 

7.7 

6.6 
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TABLE  NO.  n— Continued 


No. 


County 


Size  of  Specimens 


53  Van  Buren 

29  Van  Buren 

29  '  Van  Buren 

30  Van  Buren 

30  Van  Buren 

31  Van  Buren 

31  Van  Buren 

32  Van  Buren 

32  Van  Buren 

33  Van  Buren 

33  Van  Buren 

13  Wapello  

13  Wapello  

18  Wapello  

18  Wapello 

17  Wapello  

17  Wapello  

16  Wapello  

16  Wapello  

15  Wapello  

15  ■  Wapello  

45  Winneshiek 

45  Winneshiek 

40  Winneshiek 

40  Winneshiek 

27  Winneshiek 

27  Winneshiek 

1  Winneshiek 

1  Winneshiek 

38  New  Ulm,  Minn 

38  New  Ulm.  Minn 


Screen 
Passed 


Retained 
on 


Per  Cent  of  Wear 


Max. 


Min. 


Mean 


Mean 

Coeffl- 

dent 

(French 


Uin. 

2Hn. 

Uin. 

2iin. 

Uin 

2iin. 

Uin. 

2iin. 

Uin. 

2Hn. 

Uin. 

2Hn. 

Uin. 

2Hn. 

Uin. 

2iin. 

Uin. 

2Un. 

Uin.    1 

2iin.        1 

Uin.    ! 

2Hn. 

Uin. 

2iin. 

Uin. 

2iin. 

Uin. 

2Hn. 

Uin. 

2Hn. 

Uin. 

I  in. 
Uin. 

fin. 
Uin. 

fin. 
Uin. 

fin. 
Uin. 

fin. 
Uin. 

fin. 
Uin. 

iin. 
Uin. 

Iin. 
Uin. 

Iin. 
Uin. 

Iin. 
Uin. 

Iin. 
Uin. 

Iin. 
Uin. 

Iin. 
Uin. 

Iin. 
Uin. 

Iin. 
Uin. 

Iin. 


4.2 
3.36 
3.4 
2.9 
4.60 
3.66 
7.16 
6.36 
3.06 
2.86 
70.18 
43.66 
4.10 
3.0 
3.60 
3.30 
3.20 
2.44 
4.44 
2.5 


5.6 
4.0 
5.45 
4.3 


1.4 
1.0 


4.0 
3.36 
3.2 
2.0 
4.30 
3.5 
6.76 
5.80 
3.36 
2.40 
44.00 
43.40 
3.24 
2.80 
3.50 
2.40 
2.84 
2.00 
3.3. 
2.0 


5.4 
4.0 
5.10 
3.9 


1.2 
0.7 


3.6 
4.1 
3.36 
3.3 
2.45 
4.45 
3.58 
6.96 
6.08 
3.51 
2.63 
57.09 
43.53 
3.67 
2.90 
3.55 
2.85 
3.02 
2.22 
3.87 
2.25 
6.00 
3.5 
5.5 
4.0 
5.27 
4.1 
13. 
8.3 
1.3 
0.85 


11.1 

9.98 

11.80 

12.12 

16.32 

8.99 

11.30 

5.82 

6.67 

11.40 

15.22 

.702 

.918 

10.89 

13.80 

11.28 

14.03 

13.25 

18.02 

10.63 

17.78 

6.6 

11.4 

7.45 

8.00 

7.58 

9.98 

3.08 

4.81 

30.7 

49.0 
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TABLE  NO.  III. 
CEMENTATION  TESTS. 


o. 


20 

t 

87 
88 
73 
74 
78 
80 
82 
83 
85 
72 
79 
48 
89 
81 
75 
63 
64 

6 

3 
66 
92 
41 
42 
43 
24 
76 
21 
62 
44 
60 
58 
28 
26 
94 
95 
77 
86 

9 

97 
23 
11 

2 

93 
91 
34 
25 
22 
10 

8 


County 


Allamakee  .. 
Appanoose  . 
Black  Hawk 
Black  Hawk 
Black  Hawk 
Black  Hawk 

Benton 

Benton  

Benton  

Benton 

Benton 

Benton  

Bremer 

Buchanan  

Butler 


Butler 

Cedar  

Cedar  

Cedar  

Cedar  

Cedar  

Cerro  Gordo 
Chickasaw  .. 

Clayton  

Clayton  

Clayton  

Clayton  

Clinton 

Clinton 

Clinton 

Decatur  

Des  Moines  -. 
Des  Moines  .. 

Fayette 

Fayette 

Floyd  

Franklin 

Franklin 

Grundy  

Hardin  

Howard 

Jackson  

Jackson  

Jackson  

Johnson  

Johnson  

Jones  

Jones  

Jones  

Jones  

Jones  


Town 


Oementing  Value 


Maximum 


Minimum 


Mean 


Lansing 

Centerville 

Cedar  Falls 

Laporte  City 

Waterloo  

Waterloo  

Vinton 

Garrison 

Mt.  Auburn 

Shellsburg  

Shellsburg  

Vinton  

Waverly 

Independence   

Dumont 

Greene  

Lowden  

Cedar  Valley 

Tipton  

Tipton  

Lowden  

Mason  City 

Chickasaw  

Luana  

North  McGregor 

Elkader  

Guttenberg 

Clinton 

Lyons  

Charlotte  

Davis  City 

Cascade  

Cascade  

Fayette  

Clermont    

Charles  City 

Hampton  

Hampton  _— 

Conrad  

Iowa  Falls 

Creseo     

Maquoketa 

Maquokota 

Monmouth 

Towa  City 

Towa  City 

Stone  City 

Stone  City 

Olin 

Hale   

Stone  City 


109 

75 
600 

30 
900 
600 
256 
552 
1290 
460 
470 
300 
894 
180 

90 
514 
103 

96 
325 
360 


30 
162 

66 
400 
198 
430 

25 
110 
125 

87 

20 
220 

19 

t 

t 

308 

220 

200 

40 

70 


31 

468 

230 

140 

280 

10 

20 

25 


65 

56 

300 

10 

510 

310 

114 

405 

908 

304 

200 

98 

402 

80 

10 

448 

74 

25 

112 

200 


12 

112 
50 

100 
60 

240 
15 
39 
75 
31 
11 

180 
8 


245 
40 

125 
20 
26 


25 

300 

160 

30 

91 

5 

15 

12 


82 

65 

450 

20 

754 

470 

185 

492 

1099 

362 

335 

182 

670 

130 

50 

467 

86 

59 

233 

295 

N.G. 


21 
146 

58 
292 
105 
329 

20 

67 
100 

65 

15 
200 

14 


273 

130 

168 

30 

43 

N.G. 

28 

384 

195 

87 

173 

7 

17 
16 
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TABLE  NO.  Ill— Continued 


No. 


County 


39 
36 
37 
96 
67 
98 
35 
19 
68 
69 
70 
71 
51 
52 
53 
29 


5  Jones  . 

4  Jones  . 

61  Lee 

59  Lee 

54  Lee 

55  Lee  _.. 

56  Lee 

57  Lee 

49  Lee 

50  Lee 

46  Lee 

47  Lee  — 
14  I  Linn  . 
12  '  Linn  . 
90  Louisa 


Madison  .— 

Madison 

Madison 

MitcheU 

Muscatine  - 
Pocahontas 

Scott 

Scott  

Tama  

Tama   

Tama 

Tama   

Van  Buren 
Van  Buren  _ 
Van  Buren 
Van  Buren 


30  Van  Buren 

31  Van  Buren 

32  Van  Buren 

33  Van  Buren 
13  Wapello  — . 
18  Wapello  ._. 
17  Wapello  — . 
16  Wapello  — . 
15  Wapello  — . 
45  Winneshiek 
40  Winneshiek 
27  Winneshiek 

1  I  Winneshiek 

38  New  Ulm  _. 


Town 


Oementlnff  Value 


MBzlmum 


Monticello  

Monticello  

Keokuk  

Ft.  Madison 

Keokuk  

Franklin 

Keokuk  

Keokuk  

Keokuk  

Keokuk  

Montrose   

Keokuk  

Cedar  Rapids 

Cedar  Rapids 

Morning  Sun 

Winterset 

Earlham  

Peru  

Osage 

Fairport  

Gilmore  City 

Buffalo 

LeClaire 

Montour  

Montour  

Montour  

Montour 

Keosauqua 

Keosauqua  

Farmington    

Farmington    

Keosauqua , 

Keosauqua 

Keosauqua 

Van  Buren 

Cliffland   : 

Ottumwa  

Ottumwa  

Ottumwa  

Ottumwa  i 

Decorah ' 

Decorah 

Ft.  Atkinson | 

Decorah  — -^ 

Minnesota   i 


112 

18 
112 
237 
180 

85 
160 
245 
300 

75 
325 
600 
185 
250 
225 
100 

72 
152 

274 

« 

375 
127 
160 
285 
425 
168 
334 

50 
200 
110 
150 
219 
300 

61 
271 


Mlolmum 


100 


88 
15 
50 

100 
50 
60 
70 
75 

110 
50 
62 

150 
65 
51 

175 
50 
14 
25 

200 


325 
26 
80 
124 
236 
54 
70 
20 
50 
50 
30 
42 
69 
30 
20 


290 

70 

134 

25 

125 

63 

42 

15 

187 

100 

250 

125 

286 

87 

18 

18 

50 


Mean 


98 

16 

79 

162 

102 

72 

118 

155 

205 

59 

147 

350 

112 

123 

200 

59 

40 

73 

237 


350 

78 

120 

219 

366 

117 

206 

33 

111 

72 

75 

91 

208 

46 

83 

N.G. 

136 

93 

87 

26 

150 

158 

190 

18 

85 


*No  record— no  detritus  left. 

tWould  not  make  briquets 

tBriquets  crumbled  at  first  blow  of  hammer. 
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TABLE  NO.  IV. 


PERCENTAGES  OF  PEBBLES,  SAND  AND  VOIDS  IN  REPRESENTA 

TIVE  IOWA  GRAVELS. 


o 


Locality 


County 


Town 


Mech.  Anal. 
Per  Gent 


on 
« 

JO 
Cm 


•V 

a 


Per  Cent  Voids 


c 


h 

3 
«* 

M 

i 


15 

65 

66 

67 

70 

56 

63 

68 

36 

23 

78 

76 
105 

61 
116 

79 
125 

14 

13 

2 

120 

48 

44 

42 

41 

37 

49 

12 

11 

10  . 
33 
35 
16 
106  , 

5  ! 

7 

17 
18 

Rl 

73 

92  I 

84 

51 

101  , 
102 
103  ! 


Allamakee  - 

Benton 

Benton 

Benton 

Black  Hawk 

Boone  - 

Boone 

Bremer  

Buchanan  _. 
Buena  Vista 
Buena  Vista 

Butler  

Butler  

Calhoun   

Cherokee 

Chickasaw  - 

Clay  

Clayton  

Clayton  

Clinton  

Clinton  

Clinton  

Clinton  

Clinton  

Clinton  

Clinton  

Crawford  — 

Decatur 

Decatur  

Decatur  

Delaw^arc  — 
Des  Moines 
Dubuque  — 

Emmet   

Fayette  

Payette  

Fayette  

Fayette  

Fayette  

Fayette  

Floyd  

Floyd  

Franklin  

Franklin  ___ 

Greene  

Greene  

Greene 

Greene 


Lansing 

\ inton  

Vinton  

Vinton  

Cedar  Falls 

Frazer   

Pilot  Mound 

Waverly   

Independence   

Sioux  Rapids 

Storm  Lake 

Dumont   

Shell  Rock 

Lake  City 

Cherokee 

Ionia    

Spencer  

McGregor 

Elkader  

DeWitt   

DeWitt   

DeWitt   

Wheatland ^ 

Clinton   

Albany    

Clinton   

Denison 

I^on  

DeKalb 

Leon  

Manchester 

Flint  River  Twp. 

Dubuque  

Armstrong 

Clermont   

Clermont 

Clermont 

Clermont   

Clermont 

Oelwein 

Charles  City 

Marble  Rock 

Hampton  

Sheffield 

Grand  Junction 

Grand  Junction 

Grand  Junction 

Grand  Junction 


38.0 
21.0 
42.9 
13.9 
24.9 
5.5 
31.5 
45.6 
18.4 
33.6 
30.5 
41.9 


60.8 

1.2 

76.0 

3.0 

51.8 

5.3 

74.6 

11.5 

72.5 

2.6 

46.0 
25.8 
32.8 
31.6 


37.8 
56.4 
54.9 
55.9 
2.7 


53.9 

84.3 

37.0 

5.8 

4.3 

8.6 

13.4 

35.1 

0.7 


25.8 
33.1 
66.1 
48.7 
4.4 
1.4 

32;6 

52.4 
40.1 
22.3 
30.9 
24.8 
44.3 
30.7 


81.2 
65.1 
49.7 
58.9 
62.3 
58.2 
51.3 
95.6 
49.3 
72.3 
57.9 
60.1 
99.0 
60.8 
38.6 
42.5 
32.7 
94.6 
99.9 
45.0 
15.1 
60.4 
91.2 
91.7 
89.6 
81.1 
62.9 
97.8 
91.0 
66.4 
56.7 
26.7 
50.8 
95.1 
92.3 
60.7 
45.9 
55.4 
72.7 
65.1 
72.0 
46.4 
67.1 


13.3 
3.4 
4.7 

22.7 
4.1 

11.3 
6.8 
4.4 
4.7 
1.9 
9.3 
8.3 
1.0 
1.4 
5.0 
2.6 

11.4 
2.7 
.1 
1.1 
0.6 
2.6 
3.0 
4.0 
1.8 
5.5 
2.0 
1.5 
9.0 
7.8' 

10.2 
7.2 
0.5 
0.5 
6.3 
6.7 
1.7 
4.5 
5.0 
4.0 
3.2 
9.3 
2.2 


35.0 
38.0 
43.0 
41.0 
40.0 
40.2 
25.9 
40.0 
42.0 
34.0 
40.0 
41.0 


34.7 
40.6 
42.0 


36.0 
36.0 
36.0 
28.0 
36.0 
38.0 
25.2 
32.0 
42.5 
35.0 
34.0 
32.0 
32.0 
35.0 
34.0 
33.0 


35.2 


46.0 
42.0 


36.0 
39.0 
33.0 


37.0 

38.0 

38.0  i 

28.01 

32.5 

33.0 

41.0 

38.0 

42.0 

28.0 

35.0 

38.0 


36.0 
39.0 
37.5 
27.5 
32.5 
38.0 
37.0 
39.0 
40.0 
30.0 
36.0 
34.0 


40.0 
46.0 
40.0 
38.0 
36.0 
33.5 
39.0 
40.0 
45.0 
40.0 
32.5 


37.0 
42.0 
36.5 
36.0 
34.0 
37.5 
28.0 
35.0 
31.0 
33.0 
32.2 


32.9 


37.0 
46.6 
34.0 
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TABLE  NO.  IV—CONTINXJED 


Mech.  Anal. 
Per  Cent 


■ 

V 

Xi 

•a 

as 

•g 

s 

{^ 

X 

O 

104  i  Greene 

50  Greene 

108  Greene 

109  Greene 

126  Greene 

89  Grundy  

71  Grundy  

87  Hamilton  — 

88  Hamilton 

90  Hamilton 

93  Hardin 

40  Hardin 

94  Harrison 

80  Harrison 

115  Humboldt  - 

117  Humboldt  - 

118  Humboldt  - 

127  Humboldt  - 

128  Humboldt  - 

25  =  Ida 

69  I  Iowa 

1  Jackson 

129  Jones  

130  Jones  

107  Kossuth 

82  Lyon 

27  Lyon   

132  Madison 

38  Mahaska 

123  Mahaska    

39  Marion   

53  Marshall 

95  Marshall 

119  Marshall 

8  Mills 

75  "  Mitchell   

91  ,  Monona 

121  Monona ^ 

122  Monona 

6  Montgomery 

113  Muscatine  — 

114  Muscatine 

55  Muscatine  — 

59  Muscatine 

54  I  Muscatine  — 

74  O'Brien 

20  ■  Osceola 

9  Page 

4  Plymouth   — 

110  Polk 

22  Sac  

42 


Grand  Junction 

Jefferson   

Jefferson   

Jefferson  

Jefferson   

Grundy  Center 

Wellsburg 

Kamrar 

Webster  City 

Webster  City 

Ackley  

Gifford  

Pisgah -— 

Missouri  Valley  1— 

Humboldt   

Humboldt    

Humboldt    

Humboldt   

Humboldt   

Ida  Grove 

South  Amana 

Maquoketa   

Oxford  Junction 

Oxford  Junction 

Algona  

Rock  Rapids 

Doon 

Sec.  19,  Monroe  Twp. 

Eddyville 

White  City 

Tracy  

demons  

St.  Anthony 

St.  Anthony 

Pacific  Junction 

Osage 

Mapleton    

Blencoe  

Rodney  

Red  Oak 

Muscatine 

Muscatine 

Muscatine 

Nichols  

Orono  Twp. 

Paullina 

Sibley 

Clarinda  

Le  Mars 

Des  Moines 

Early 


37.6 
17.6 
37.5 
41.9 
14.5 
43.9 
42.1 
46.6 
59.3 
15.0 
44.6 
18.5 
28.1 
48.4 


27.2 
35.4 
5.8 
9.2 
10.1 
10.2 
15.8 
25.0 
17.8 
31.2 
25.4 
23.8 
27.1 
23.9 


10.8 

43.4 

46.6 

54.7 

11.8 

38.1 

9.0 

8.3 

14.8 

7.5 

34.6 

39.9 


8.4 

24.4 

33.7 

21.7 

4.6 

8.0 

7.4 

19.7 


59.2 
81.0 
60.3 
54.8 
85.2 
52.9 
45.4 
4L1 
39.2 
77.8 
50.9 
78.5 
69.4 
42.1 
98.4 
69.8 
61.3 
92.6 
89.0 
87.6 
86.5 
82.5 
73.2 
79.0 
67.0 
65.1 
74.3 
61.9 
74.7 
98.0 
84.9 
53.5 
53.4 
42.8 
86.5 
57.1 
85.3 
88.9 
84.0 
88.9 
64.4 
58.7 
94.0 
84.8 
73.8 
62.6 
70.5 
93.5 
89.7 
90.8 
79.0 


Per  Cent  Voids 


OB 

a* 


a 

m 


B 

i 


3.2 
1.4 
2.2 
3.3 
0.3 
3.2 
12.5 
12.3 
1.5 
7.2 
4.5 
3.0 
2.5 
9.5 
1.6 
3.0 
3.3 
1.6 
1.8 
2.3 
3.3 
1.7 
1.8 
3.2 
1.8 
9.5 
1.9 
11.0 
1.4 
2.0 
4.3 
3.1 


34.0 


41.0 
43.0 
40.0 
40.0 
40.0 
41.0 
35.0 
36.0 
37.0 


37.0 


2.5 
1.7 
4.8 
5.7 
2.8 
1.2 
3.6 
1.0 
1.4 
6.0 
6.8 
1.8 
3.7 
7.8 
1.9 
2.3 
1.8 
1.3 


42.0 
42.0 
38.0 


37.0 
38.0 


34.0 


33.0 
34.5 


27.0 
30.0 
33.0 
35.0 
33.0 
34.0 
35.0 
34.0 
26.0 
35.0 


32.0 


29.6 
29.1 
30.0 


30.0 
37.0 
35.0 


34.5 
31.0 
32.0 


35.0 
33.0 
33.0 
33.0 


34.0 
45.0 
43.0 


34.0 
37.0 
30.0 


41.0 :  40.0 


38.0 
37.0 
36.0 
41.0 
42.0 
44.0 
38.0 


39.0 


39.0 
35.0 
35.5 
33.0 
29.0 
37.0 
33.0 


30.7 
33.5 
33.4 
31.5 


35.0 


30.0 
32.3 


28.8 


32.0 
36.0 


26.8 
29.0 


31.1 
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TABLE  NO.  IV— Continued 


o 

S5 


Locality 


County 


Town 


Mech.  Anal. 
Per  Cent. 


R 
08 
09 


OS 


Per  Cent  Voids 


a 

00 


i 


52  Scott  

62  Story 

86  Tama 

64  Tama 

32  Van  Buren 

31  Van  Buren 

29  Wapello   .. 

131  WapeUo   - 

58  Webster   .. 

57  Webster   ._ 

19  Woodbury 

28  Woodbury 

72  Woodbury 

124  Woodbury 

43  Worth  

47  Worth  

85  Wright  — - 

83  Wright  .— 

46  Wright  .— 

4K  Wriffht 


Davenport  — 

Ames    

Clutier 

Montour  

Farmington  — 
Farmington  __ 

Ottumwa 

Ottumwa  

Badger 

Fort  Dodge  — 
CorrectionvlUe 
Correctionville 
Correctionville 
Sioux  City  — 
Hanlontown  _ 
Hanlontown  _ 

Dows 

Dows 

Eagle  Grove  - 
Belmond  


1.9 
36.6 
39.8 
23.7 
24.2 
12.8 
27.6 
90.1 
33.0 
32.0 
21.3 
44.5 
23.7 
30.6 
42.6 
38.6 
47.9 
24.7 
20.9 
35.8 
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a 
o 

o 

Ck 

a 

o 


o 


CQ 

:?: 

o 

CQ 


o 


hj      CQ 


O 


a 


a  o 


4A-M4A 


^        ;q         *::;  *:r  :ii  ^  oO  Qfl 


*^  *3     •     •     *     * 


o 
o 

a 

a 

• 

O 


4^  4A  4^  4A  4^  4^  4» 

tuD  bfl  tuD  bfl  bfl  bfl  &U0 

•^4  a^^  (^^  «^4  •^i  "^^  a^H 
•        •••••• 

Jz;  12512;  125 125  52;  ;z; 


pav  dJiDapK 


apixoijs 
jnqaing 


ain|SdaJ8vp[ 


a^vaoqjva 
uinpi«o 


pav  aoji 


oiqniosai 


o 


COO^H 


C4 


O  O  »0  'H  O  CO 

"^  CD  CSi  CO  rH  OJ 
^        CO 


CO 


OCO^kOOOO) 

C4ad^oqcooo 

^  i-H  C^  CQ  C^  CQ  OQ 
Ci  ^  ^  ^  ^ 


CO 


10 


co»o 

coco 


CM  t^CO 

CO»OCS| 


Sg      3 


OOQOCO'^COiO 


00 
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TABLE  NO.  rv— Continued 
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43  Worth  
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ROAD  AND  CONCRETE  MATERIALS  IN  IOWA 


TABLB 

DETAILED  MECHANICAL  ANALYSES  OF  SANDS  AND  GRAVELS  SHO"^ 

AND  KAJ^ 
<^ 

THE   TABLE  GIVES   AMOUNTS   IN   PEE   CENTS    BETAINED   ON   SIEVES   EANGING  FBOM  ^w^ 


ABE   ABBANGED 


No. 


15 
65 

66 

67 

70 

56 

63 

68 

36 

23 

78 

76 

105 

61 

116 

79 

125 

14 

13 

2 

48 

120 

44 

42 

37 

41 

49 

12 

11 

10 

33 

35 

16 

106 

3 

5 

7 

17 

18 

34 

81 

73 

92 

84 

51 

101 

102 

103 

104 


County 


Town 


2i 
in. 


liin. 


1  in. 


fin. 


Allamakee 

Benton 

Benton 

Benton 

Black  Hawk 

Boone 

Boone 

Bremer 

Buchanan  

Buena  Vista 

Buena  Vista 

Butler 

Butler 

Calhoun 

Cherokee  

Chickasaw 

Clay 

Clayton  

Clayton  

Clinton 

Clinton 

Clinton 

Clinton 

Clinton 

Clinton 

Clinton 

Crawford  

Decatur 

Decatur  

Decatur  

Delaware 

Des  Moines 

Dubuque  

Emmet 

Fayette  

Fayette   

Fayette   

Fayette   

Fayette  

Fayette   

Floyd   

Floyd   

Frimklln  

Franklin  

Greene   

Greene   

Greene   

Greene   

Greene   


Lansing  

Vinton 

Vinton 

Vinton 

Cedar  Falls 

Frazer  

Pilot  Mound 

Waverly  

Independence  

Sioux  Rapids 

Storm  Lake 

Dumont  

Shell  Bock 

Lake  City 

Cherokee   

Ionia  

Langdon   

McGregor   

Elkader 

DeWitt  

DeWitt  

DeWitt  

Wheatland   

Clinton  

Clinton  

Albany  

Denison   

Leon  

DeKalb  

Leon  

Manchester    

Sec.  19.  Flint  River. 

Dubuque  

Armstrong  

Clermont  


1.94 


1.87 


6.44 


6.25 


4^7X12.® 


0-T5 

4. 


1.87 


9.95 


2.10 


3.75 


4.12 
7.06 


3.06 


14.88 
20.13 


Clermont  

Clermont 

Clermont 

Clermont 

Oelwein   

Charles  City  — 
Marble  Rock  ... 

Hampton    

Sheffield 

Grand  Junction. 
Grand  Junction. 
Grand  Junction. 
Grand  Junction. 
Grand  Junction. 


4.32 
2.80 
2.25 


6.25 


5^ 


4.50 


2.50 


7.25 

12.69 

3.13 


2.00 


6.3X 


B.OO 

BIoo 


4:-00 
12.0S 


42^ 

825 

11.15 
16.11 
5.75 
8.81 
9.44 
8.75 


2-33 


14.63 
7.40 

13.56 


/  Us 


16.75 

8.69 

11.44 


9.64 
3.69 


18,37 

13.10 

0.75 


10.25 


5.87 

3.75 

15.06 

738 


ia-:25 
3.19' 


.0.00 
4.00 
9.25 
4.12 
1.38 


2.13 
3^ 
7,37 
2.50 
3.19 


19^ 
11.93 

7.05 
11.37 
10.13 

18.13 
23A3 
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NO.  VI. 

ING  THE  REMARKABLE  VARIATIONS  IN  PIT  RUN  OF  TERRACE,  RIVBSR 
BlATERIAIiS. 


TWO    AND    ONEpHALF    INCH    DOWN    TO    ONE-SIXTIETH    INCH    MESH. 
TIOALLT  BY  COUNTIES. 


THX    AN  ALT  BBS 


I  in. 


h-  in. 


A  in. 


A  in. 


A  in. 


ifein. 


A  in. 


A  in. 


Remarks 


14.50 
7.75 

13.89 
8.75 

12.20 
3.00 

14.00 

24.79 
5.81 

13.50 
9.68 
8.00 


18.12 
12.50 
13.89 


5.75 
3.00 
5.75 
450 
6.68 
1.25 
5.50 
6.87 
1.00 
7.31 
3.81 
4.00 

17.50 
8.12 

11.20 
7.19 


10.44 
26.76 
7.19 
9.00 
9.87 
3.19 
6.25 
8.12 
5.56 
15.37 
4.81 
6.56 


12.63 


7.25 

3.75 

6.13 

12.38 

7.38 

15.50 

31.50 

7.06 

17.00 

10.60 

13.20 

1.50 

r^ 

0.81 

0.10 

0.05 

25.25 

6.l}6 

5.94 

13.50 

3.25 

3.60 

19.25 

9.75 

18.56 

3.37 

1.88 

3.81 

1.691 

f    1.06 

4.06 

3.81^ 

2.00 

5.38 

6.87 

2.25 

5.87 

7.25 

3.25 

4.25 

0.38 

0.31 
51.20 

1.44 

12.63 

8.25 

27.44 

4.69 

2.31 

5.63 

15.37 

5.19 

9.44 

15.25 

7.19 

12.81 

2.81 

2.56 

9.31 

1.44 

0.62 

1.87 

17.26 

6.87 

9.14 

21.86 

9.00 

14.60 

11.57 

4.00 

5.94 

8.66 

4.62 

8.12 

15.00 

7.31 

12.50 

14.66 

25.20 

17.66 

19.66 

12.60 

16.60 

14.53 

^  ^  ^  ^^  ^ 

23.33 

14.44 
25.08 


7.12 
9.75 
6.82 
6.56 
8.12 
4.63 
8.50 
5.44 
3.25 
7.69 
6.00 
6.00 

18.60 
8.38 

21.90 
8.81 


0.19 
4.06 
6.56 
5.25 


10.81 
1.60 
2.50 
9.70 

11.25 
3.75 
4.13 
5.06 
5.00 

11.87 
6.69 

31.40 

13.38 
4.81 
4.75 
7.81 

10.88 
2.50 
9.50 
6.00 
8.00 
8.00 

12.00 


18.75 
14.62 

8.34 
13.26 
12.69 
10.94 
11.62 

7.50 
16.00 
20.31 

9.44 

7.25 
21.30 

8.63 
17.50 
14.62 
14.78 

4.63 
10.06 

5.13 

4.12 
16.30 
28.75 
11.10 

0.12 
12.00 
14.31 

8.37 
23.69 
13.19 
10.88 
13.56 
25.13 

9.ro 

15.00 
10.12 

6.38 
12.13 
35.25 

8.25 
14.00 

7.75 

6.50 
19.00 
13.06 
24.66 
22.00 
21.33 
20.83 


14.25 
20.75 
15.81 
27.30 
22.40 
33.94 
15.25 
13.26 
38.25 

8.12 
26.28 

8.12 


9.13 

0.70 

11.00 

7.99 

40.25 

22.25 

2.69 

3.00 


29.40 
58.90 

0.12 
11.25 

5.50 
34.69 
32.87 
36.56 
14.75 
24.25 
45.19 

3.70 

4.06 
24.63 

3.75 

7.81 
32.56 
34.32 
15.25 

5.63 
16.00 
21.75 
11.25 


33.30 
12.50 


2.69 

16.90 

9.37 

10.05 

10.05 

19.50 

8.12 

7.68 

6.43 

2.75 

10.25 

3.60 


2.75 


3.75 


1.40 


29.56 

9.13 

1.06 

2.06 

12.90 

11.75 

19.10 

0.12 

3.60 

1.50 

25.63 

20.12 

18.00 

11.06 

4.13 

9.19 


1.63 

10.12 

1.25 

1.56 

3.38 

29.18 

6.18 

2.00 

7.50 

7.31 

5.88 

18.93 

10.13 

23.60 

13.00 


U  mile  E.  of  town. 
From  J.  K  Salverson. 


4  miles  S.  E.  of  town. 
NW.  NE.  7-86^. 
Cherokee  S.  &  G.  Co. 

Sent  by  County  Engineer. 
St.  Peter  sandstone. 
Terrace  gravel. 
Esker  gravel,  city  pit. 
Esker  gravel,  city  pit. 
From  A.  R.  Boudinot. 
Wapsipinicon  river  sand. 
Mississippi  river  sand.  * 
From  Smith  &  Cakes. 

From  Mills  &  Son. 

Pit  of  Geo.  South. 


From  Dunn  farm. 
Mississippi  river  terrace. 

Buchanan  gravel. 

Buch.  pit  of  W.  Williams. 

Used  on  streets. 

Stahl's  pit. 

Finishing  sand,  Stahl's. 

From  Ira  Hanson. 


C.  &  N.  W.  pit.   Note 
the  wide  variation 
in  samples  from 
the  same  place. 
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TABLE 


VI- 


NO, 


County 


Town 


2\ 

in. 


Uin. 


lin. 


fin. 


60  Greene   — 

108  Greene   

109  Greene   — . 

126  Greene   — 

89  Grundy  ... 
71  Grundy  — 

87  Hamilton 

88  Hamilton 

90  Hamilton 
40  Hardin  ... 

93  Hardin  _.. 

94  Harrison  . 
80  Harrison  . 

115  Humboldt 

117  Humboldt 

118  Humboldt 

127  Humboldt 

128  Humboldt 

25  Ida  

69  Iowa  

1  Jackson  ... 

129  Jone9 

130  Jones 

107  Kossuth  .- 

82  Lyon  

27  Lyon   

132  Madison  .. 

38  Mahaska  . 
123  Mahaska  . 

39  Marion 

53  Marshall  . 

95  Marshall  . 

119  Marshall  . 
8  Mills 

75  Mitchell  - 

91  Monona  .. 

121  Monona  _. 

122  Monona 
6 

113 


Montgomery  .- 

Muscatine 

114  Muscatine 

55  Muscatine 

59  Muscatine 

54  I  Muscatine 

74  I  O'Brien 

20  Osceola 

9  Page  

4  Plymouth 

110   Polk   

22   Sac 

21  Sac 

52  Scott  - 


62 
86 


Story 
Tama 


64  Tama 


Jefferson 

Jefferson 

Jefferson  

Jefferson' 

Grundy  Center 

Wellsburg  

Kamrar   

Webster  City ^.. 

Webster  City 

Gifford 

Ackley  . 

Pisgah  -.— 

Missouri  Valley 

Humboldt  

Humboldt  

Humboldt  

Humboldt 

Humboldt  

Ida  Grove 

South  Amana 

Maquoketa   

Oxford  Junction  .. 
Oxford  Junction  .. 

Algona  .... 

Rock  Rapids 

Doon  

Monroe  Twp. 

Eddyville 

White  City 

Tracy    

Clemons  :_ 

St.  Anthbny 

St.  Anthony 

Pacific  Junction  .. 

Osage   

Mapleton 

Blencoe    

Rodney  ! 

Red  Oak 

Muscatine 

Muscatine 

Muscatine  

Nichols  I 

Bet.  20-21,  Orono  Tp. 

Paullina    i 

Sibley  !.-. 

Clarinda 

Le  Mars ; 

Des  Moines ' 

Early  

Sac  City 

Davenport 

Ames  

Olutier 

Montour 


16.69 
15.25 
12.50 


6.44 


4.25 
6.38 
5.06 
5.75 


6.80 
2.60 


10.31 

2.50 

10.81 


1.75 
3.81 


1.80 
3.50 
7.94 


9.13 


5.94 


iin. 


3.87 


10.00 
3.50 


3.38 
7.00 


a.oo 


1G>.,56 


4r.CK) 


5.75 

10.50 

15.00 

5^ 

7.00 

7.37 

10.25 

21.36 

4.00 

5.75 

12.00 

6.75 

12.50 


6.70 
10.30 
1.30 
2.50 
2.50 
2.81 
4.12 
9.00 
6.00 
8.50 
8.88 
6.37 
10.37 
7.06 


l.OO 

r-31 


7.36 


3.00 

15.50 

12.72 

34.80 

3.00 

8.25 

3.12 

8.30 

6.70 

1.50 

9.40 

14.75 


5  SI 


2.94 

6.25 

10.95 

'Til 
0.38 
6.30 
5.88 

10.25 
0.69 

W 

10.U 

3M 
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Continued 


iin. 


iVin. 


A  in. 


^in.    Ain-   Ain.    ifein.   Ain. 


Remarks 


8.81 
19.70 
18.40 

9.30 
14.50 

7.87 
11.30 
21.61 
11.00 

8.10 
14.90 
10.91 
16.00 

"9.90" 

17.40 

4.50 

6.70 

5.18 

7.36 

9.44 

16.00 

11.80 

16.79 

10.81 

9.75 

16.69 

11.95 

""5.00 
17.13 
17.57 
19.90 

7.00 
12.20 

5.88 

"T12" 

5.13 

11.20 

17.80 

""5.44 

9.13 

18.75 

21.69  I 

2.81 

7.68. 

"9.63 
14.50 
1.25 
11.50 
13.57 
20.26 


5.69 


9.80 
6.56 
4.13 
5.37 
8.25 
7.50 
4.00 
4.75 
6.68 
11.34 
22.70 
3.70 
5.60 
4.50 
7.30 
3.31 
4.52 
4.50 
9.50 
8.10 


9.00 
20.40 
15.10 


7.69 

7.56 

6.75 

11.38 

15.75 

5.30 

12.00 

11.89 

15.57 


7.13 
9.50 
10.38 


0.44 
4.50 
5.50 

10.95 

11.25 
1.75 
3.81 

13.50 
5.06 
6.69 
1.00 
5.00 
5.94 

13.75 


21.89 
0.31 
8.00 

10.94 
8.50 

19.63 
4.81 
8.06 


11.50 

12.44 

2.95 

7.13 

15.50 

5.37 


10.31 


23.80 

6.06 

8.33 

7.37 

6.44 

9.36 

11.10 

6.56 

11.50 

10.25 

20.50 

19.70 

17.30 

14.70 

33.20 

6.00 

10.43 

9.19 

14.70 

13.30 


10.63 
9.25 
16.39 
23.00 
19.40 
9.00 
21.00 


3.06 

12.62 

9,44 

7.88 

10.00 

4.63 

7.00 

12.30 

9.13 

9.19 

3.00 

6.50 

9.32 

5.32 


15.31 
19.70 
14.10 
15.80 
6.55 
12.38 
8.87 
4.94 
12.00 
23.60 
9.00 
20.30 
9.81 
19.50 
26.00 
11.70 
22.50 
26.70 
13.50 
22.00 
29.25 
13.50 
14.80 
26.10 
17.44 
15.94 
16.48 
15.25 
14.10 
16.85 
9.31 
6.72 
1320 
16.31 
13.65 
20.00 
15.00 
16.58 
31.38 
24.00 
25.19 
13.63 
26.62 
16.75 
11.25 
14.00 
13.06 
25  56 
18.30 
19.19 
15.19 
15.56 
9.12 
9.80 
1350 


27.50 


13.30 
14.68 
12.50 

9.75 

4.44 
23.12 
25.25 
11.25 
15.70 

3.44 
18.40 

9.60 
12.40 
24.30 
10.00 
30.44 
25.68 
19.87 
20.80 
25.50 

"21.93" 
28.19 
8.91 
16.56 
17.10 
33.60 
10.25 
12.95 

"26,25 
16.45 
24.21 
11.60 
17.38 
22.31 


55.31 
31.69 
22.06 
16.70 
14.00 
32.00 
29.75 

"24.75" 

14.87 

48.37 

17.50 

6.75 

8.38 


18.10 
17.60 
11.10 


9.25 


11.30 
3.80 
6.90 

15.40 
4.90 


6.94 
7.37 
4.87 
2.13 
6.13 
5.40 
4.50 
3.50 
1.50 


4.50 


9.94 
7.31 

4.48 


10.50 
11.20 
15.32 


3.86. 
"i4."80'. 


9.30 


9.63 
6.38 
2.60 
5.19 

io.'35 
4.56 
3.44 

'6.2"5" 
7.06 
4.43 


Raccoon  river  sand. 
W.  end  'Coon  river  bridge. 
E.  end  'Goon  river  bridge. 
Pit  of  A.  S.  Tanner. 


From  R.  A.  ruller  Co. 


Prom  C.  D.  Walter. 
From  County  Engineer. 
From  Comity  Engineer. 
Hum.  Cem.  Prod.  Co. 
Hum.  Cem.  Prod.  Co. 
Ida  Grove  Concrete  Co. 


1 


From  G.  Ahlf  f  &  Sons 
Grand  Mound. 
G.  J.  Ferguson  pit. 


5.50 
11.95 

12.00" 
11.11 


4.81 


37.10 


16.50 
6.44 
4.56 
7.75 
2.69 

26.25 
8.56 


4.56 
3.44 
16.00 
6.00 
4.31 
1.31 


Miller  &  Montgomery. 
Washed  sand. 

From  H.  R.  Baker. 

From  O.  L.  Lundon. 

Sent  by  Co.  Board. 


Sent  by  L.  I.  Hicks. 


Mississippi  river  sand. 
Mississippi  river  sand. 

Ry.  bridge  in  16,  Lake. 


Sibley  Cement  Co. 

Kramer  pit. 

Early  Con.  &  Stone  Co. 
From  E.  W.  Robbins. 
Mississippi  river  sand. 
College  pit. 


670 


ROAD  AND  CONCRETE  MATERIALS  IN  IOWA 


TABLE  NO.  VI- 


No. 


County 


Town 


2i 
in. 


Uin. 


1  in. 


fin. 


iin. 


iin. 


32  Van  Buren 

31  Van  Buren 

29  Wapello 

131  Wapello 

57  Webster l. 

58  Webster 

19  Woodbury 

28  Woodbury 

72  Woodbury 

124  Woodbury 

43  Worth . 

47  Worth 

85  Wright 

83  Wright 

46  Wright 

45  Wright 


Farmington  — 
Farmington  .. 

Ottumwa    

Ottumwa    — ^ 

Ft.  Dodge 

Badger  

Correctionville 
Correctionville 
Correctionville 

Sioux  City 

Hanlontown  __ 
Hanlontown  .. 

Dows 

Dows 

Eagle  Grove  — 
Belmond 


7.75 


9.00 
0.00 


4.25 


2.12 
1.19 


3.80 


9.06 

6.94 

11.70 

8.68 


3.63 


81.30 
2.81 
1.50 
6.63 
5^1 
4.63 
0.84 
6.69 
5.56 
3.50 
3.63 


5.25 


15.56 
4.81 
9.88 
5.90 

11.69 
7.63 
5.94 

16.75 
7.44 
9.00 

13.25 
8.44 

10.88 
5.63 
6.19 
9.38 
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Continued 


iin. 

A  in. 

A  in. 

ifein. 

t^in. 

A  in. 

A  in. 

Ain. 

Remarks 

8.69 

8.00 
17.75 

2.90 
15.38 
22.69 

8.75 
22.44 

7.80 
13.20 
13.62 

8.63 
14.13 

6.74 
14.75 
13.31 

4.63 
8.50 

10.75 
0.65 
6.63 

10.62 
4.87 
8.25 
3.88 
6.60 
5.25 
5.13 
6.75 
3.50 
8.00 
6.00 

9.19 

23.25 

20.50 

0.80 

9.81 

17.50 

11.25 

12.31 

6.19 

11.90 

0.12 

3.50 

8.00 

5.55 

11.81 

8.12 

9.50 

13.50 

11.50 

0.30 

10.25 

9.38 

10.56 

5.81 

7.31 

3.80 

18.87 

12.12 

9.68 

7.75 

15.00 

14.00 

28.50 
27.94 
19.00 

2.10 
11.25 
10.25 
31.88 

8.00 
11.85 
10.10 

9.12 
11.12 

9.32 
12.56 
14.00 
13.50 

17.75 

9.13 

6.69 

3.48 

14.72 

7.81 

13.12 

7.81 

22.61 

10.00 

12.62 

14.56 

11.25 

30.18 

16.50 

12.75 

""i.52" 
'"7.70 

2.81 
2.31 
2.50 
0.55 
7.19 
2.69 
3.63 
5.69 
10.54 
8.10 
5.00 
6.75 
6.31 
6.62 
7.17 
3.62 

Des  Moines  river  sand. 
Des  Moines  river  sand. 
From  G.  L.  Bissell. 

Center  of  10,  Deer  Creek. 
Gilleas  pit. 
Jno.  Fleming  pit. 

From  Co.  Engineer. 
Sec.  28,  Danville. 
See.  29,  Danville  Twp. 

Boone  river  sand. 
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ANALYSES  OF  IOWA  COALS. 

BY  A.  W.  HIXSON. 


Introductory. 

I>uriiig  the  summer  of  1909  samples  of  Iowa  coals  were  coL 
lected  and  proximate  analyses  were  made.  The  results  of  these 
analyses  were  published  in  the  Annual  Report  of  the  Iowa  Geo- 
logical Survey  (Vol.  XIX,  pp.  476-519). 

After  the  Report  had  gone  to  press  it  was  decided  that  ul- 
timate analyses  of  these  samples  should  be  made  so  that  the 
chemical  properties  of  the  coals  could  be  studied  in  greater  de- 
tail. The  following  facts  brought  about  this  decision:  (1) 
The  samples  had  been  taken  with  great  care  according  to  ap^ 
proved  scientific  methods.  (2)  The  samples  had  been  taken 
from  producing  mines  in  ten  different  counties,  so  that  prac- 
tically the  whole  Iowa  coal  field  was  represented.  (3)  The 
samples  had  been  taken  under  the  same  conditions  so  that  the 
analytical  results  could  be  compared.  (4)  The  samples  had 
been  collected  at  considerable  cost.  (5)  Ultimate  analyses  of 
samples  of  Iowa  Coals  taken  under  uniform  conditions  had 
never  been  made.  (6)  Such  information  was  needed  for  calcu- 
lations in  power  and  heating  problems,  and  for  use  in  writing 
specifications  for  the  purchase  of  coals. 

The  ultimate  analyses  were  made  by  the  same  chemist  who 
made  proximate  analyses,  the  conditions  being  the  same  except 
that  the  ultimate  analyses  were  made  at  a  little  later  date. 

It  has  been  considered  wise  to  republish  the  proximate  analy- 
ses along  with  the  ultimate  analyses  so  that  all  of  the  analytical 
data  will  appear  together  in  a  more  useful  condition. 

Slight  errors  have  been  detected  in  the  "analysis  corrected 
to  sample  as  received"  as  published.  The  calculations  are  cor- 
rected in  this  work.  A  quite  complete  analysis  of  the  ash  of  each 
sample  has  been  made. 
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Collection  of  Sample. 

The  samples  were  collected  by  Mr.  James  H.  Lees,  Assistant 
State  Geologist  of  Iowa.  Mr.  Lees '  description  of  the  methods 
he  employed  is  as  follows:  Practically  the  same  method  of 
mine  sampling  was  used  as  was  employed  by  the  United  States 
Geological  Survey  in  collecting  the  samples  which  were  an- 
alyzed at  its  coal-testing  station  at  the  Louisiana  Purchase  Ex- 
position at  St.  Louis  in  1904.  The  method  was  about  as  fol- 
lows :  The  room  or  entry  selected  for  sampling  was  one  from 
which  coal  was  being  mined  at  the  time  the  sample  was  taken 
and  thus  a  fresh  face  was  assured.  A  portion  of  the  face  was 
cleaned  to  remove  powder  smoke  or  coal  which  had  been  ex- 
posed to  the  air  for  any  considerable  period  of  time.  A  strip 
was  then  cut  across  the  seam  from  floor  to  roof  about  three 
inches  wide  and  one  inch  deep.  All  bony  streaks  or  sulphur 
bands  over  one-fourth  inch  thick  were  thrown  out.  The  coal  cut 
down  in  this  way  was  collected,  as  it  felly  upon  a  rubber  cloth  to 
avoid  any  danger  of  mixture  with  dirt  or  moisture  on  the  floor. 
Immediately  upon  arrival  above  ground,  the  sample  was  broken 
up,  on  a  clean  hard  surface,  into  fragments  one-half  inch  or  less 
in  diameter.  It  was  then  thoroughly  mixed  and  quartered, 
alternate  quarters  rejected,  and  the  remaining  quarters  mixed 
and  further  pulverized  and  again  quartered,  until  about  a 
quart  remained.  This  was  put  into  a  clean  can  with  a  tight  fit- 
ting lid,  which  was  driven  down  solid  and  the  joint  sealed  by 
wrapping  with  tire  tape,  so  that  it  would  be  air  tight.  In  short, 
every  effort  was  made  to  the  end  that  the  sample  should  repre- 
sent as  closely  as  might  be,  the  commercial  output  of  the  mine, 
and  the  original  characteristics  of  the  coal  should  be  preserved 
until  it  was  analyzed. 

A  slip  of  paper  giving  the  number  of  the  sample  together 
with  the  name  and  location  of  the  mine  was  enclosed  in  the  can 
to  render  identification  certain.  The  sample  number  was  also 
marked  on  the  outside  of  the  can.  The  sample  was  later  ship- 
ped by  express  to  the  laboratory  at  Iowa  City. 

Proximate  Analysis. 

Laboratory  Methods, — The  methods  followed  in  the  analyti- 
cal work  were  essentially  those  adopted  in  the  report  of  the 
committee  on  coal  analysis  of  the  American  Chemical  Society 
and  those  employed  in  the  laboratory  of  the  coal  testing  plant 
of  the  United  States  Geological  Survey  at  the  Louisiana  Pur- 
chase Exposition  in  1904. 
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The  analytical  work  consisted  of  the  proximate  and  ultimate 
analysis  of  the  coal  samples  with  the  determination  of  Specific 
gravity  and  Calorific  valne  in  addition.  A  complete  analysis  of 
the  ash  of  each  sample  was  also  made. 

Preparation  of  the  Sample. — ^When  the  sample  arrived  at  the 
laboratory  it  was  immediately  given  a  serial  number  for  identi- 
fication purposes  in  the  laboratory.  The  number  and  descrij)- 
tion  on  the  tag  were  compared  with  the  number  and  description 
on  the  slip  of  paper  within  the  can  to  make  sure  they  agreed. 
The  number  and  description  were  then  entered  in  a  book  for 
permanent  record  together  with  notes  concerning  the  condition 
of  the  sample  when  it  arrived. 

The  coal  was  then  poured  out  upon  a  well  cleaned  bucking 
board,  crushed,  mixed  and  quartered  down  to  one  pint.  One- 
half  of  this  was  spread  out  upon  a  shallow  tinned  iron  tray  ten 
inches  in  diameter.  After  weighing,  this  portion  was  set  aside 
for  air  drying.  The  other  half  was  run  through  a  coffee  mill. 
A  portion  of  the  well  mixed  ground  sample  was  placed  in  a 
tightly  stoppered  bottle  for  the  moisture  determination.  The 
crushing,  quartering  and  grinding  of  the  sample  were  done  as 
quickly  as  possible  to  prevent  loss  of  moisture; 

The  coal  was  air-dried  for  ninety-six  hours  and  weighed. 
The  time  at  which  the  weighing  was  done  together  with  the  tem- 
perature and  humidity  of  the  air  were  recorded.  The  air-dried 
sample  was  crushed  and  quartered  down  to  150  grams.  The 
final  crushing  was  to  100  mesh.  This  sample  was  then  placed  in 
a  tightly  stoppered  bottle  and  was  used  for  the  proximate  and 
ultimate  analyses  and  calorific  value  determinations. 

All  samples  were  mixed  on  a  rolling  cloth  before  weighing 
out  for  each  determination,  to  insure  a  perfectly  homogeneous 
sample.    All  determinations  were  made  in  duplicate. 

Moisture. — One  gram  of  coarsely  ground  fresh  coal  was  dried 
in  a  weighed  porcelain  crucible  at  105*  C.  for  one  hour,  in  a 
double  walled,  electric  oven.  The  covered  crucible  and  its  con- 
tents were  cooled  in  a  dessicator  and  weighed.  Moisture  in  the 
air  dried  sample  was  determined  in  like  manner. 
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It  was  found  that  the  moisture  determination  cannot  be  made 
with  any  degree  of  accuracy  if  the  sample  is  finely  ground. 
This  is  due  to  the  fact  that  the 'fresh  sample  loses  moisture 
rapidly  during  the  grinding  operation.  For  this  reason  the 
fresh  sample  for  the  moisture  determination  was  ground  in  a 
coffee  mill. 

Ash. — ^A  portion  of  powdered  coal  used  for  the  determination 
of  moisture  in  the  air-dried  sample  was  burned  at  first  over  a 
Bunsen  burner  with  a  very  low  flame  until  all  of  the  volatile 
matter  was  driven  off.  The  final  burning  was  done  in  a  gasoline 
muffle  furnace,  the  temperature  being  kept  at  that  of  low  red- 
ness.   Ignition  was  continued  until  constant  weight  was  obtained. 

If  the  volatile  matter  is  expelled  too  quickly,  as  will  be  the 
case  if  too  high  a  temperature  is  employed  at  first,  considerable 
difficulty  will  be  experienced  in  obtaining  complete  ignition. 

Volatile  Combiistible  Matter. — One  gram  of  the  air-dried 
sample  was  weighed  into  a  previously  ignited  and  weighed 
platinum  crucible  with  a  tightly  fitting  cover.  This  was  heated 
for  seven  minutes  over  the  full  flame  of  a  Bunsen  burner,  then 
cooled  in  a  dessicator  and  weighed.  The  crucible  was  supported 
on  a  pipe  clay  triangle  resting  upon  a  tripod,  the  bottom  of  the 
crucible  being  seven  centimeters  above  the  top  of  the  burner. 
The  burner  when  burning  freely  gave  a  flame  from  seventeen  to 
twenty  centimeters  high. 

Fixed  Carbon. — Fixed  carbon  is  the  difference,  in  percentage, 
between  the  sum  of  the  percentages  of  the  other  constituents 
determined  and  100.  No  correction  was  made  for  the  sulphur 
which  goes  partly  into  the  volatile  combustible  matter  and 
partly  into  the  coke.  Fixed  carbon  may  also  be  found  by  sub- 
tracting the  percentage  of  ash  from  the  percentage  of  residue 
left  after  expelling  the  volatile  matter. 

Sulphur. — This  was  determined  by  the  Escka  Method.  One 
gram  of  the  finely  powdered  air-dried  coal  was  weighed  into  a 
platinum  dish  of  100  cc.  capacity.  To  this  was  added  one  and 
five-tenths  grams  of  an  intimate  mixture  of  one  part  dry  sodium 
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carbonate  and  two  parts  of  magnesium  oxide.  The  coal  and  the 
mixture  were  well  mixed  together  by  stirring  with  a  glass  rod. 
The  contents  of  the  dish  were  then  heated  over  a  Bunsen  burner 
very  gently  until  all  of  the  volatile  matter  was  expelled.  This 
required  about  thirty  minutes.  Then  the  heat  was  increased 
until  all  traces  of  carbon  disappeared.  To  prevent  any  sulphur 
from  the  gas  from  contaminating  the  determination,  the  plat- 
inum dish  was  fitted  in  a  hole  in  a  piece  of  asbestos  board. 

After  all  traces  of  carbon  were  removed,  the  contents  of  the 
dish  were  transferred  to  a  numbered  beaker  and  digested  with 
75  cc.  of  water  for  thirty  minutes.  The  solution  was  then  filtered 
and  the  residue  washed  twice  by  decantation  with  50  cc.  of 
boiling  water.  The  residue  was  then  transferred  to  the  filter 
paper  and  again  washed  with  hot  water  until  the  filtrate  gave 
only  a  slight  opalescence  with  nitric  acid  and  silver  nitrate. 
The  filtrate  at  this  point  amounted  to  about  200  cc. 

Ten  cc.  of  saturated  bromine  water  and  3  cc.  of  concentrated 
hydrochloric  acid  were  added  to  the  solution,  which  was  then 
boiled  slowly  until  all  of  the  bromine  was  expelled.  Then  the 
sulphur  was  precipitated  by  adding  to  the  boiling  solution  10 
cc.  of  a  ten  per  cent  barium  chloride  solution.  This  was  added 
drop  by  drop  and  the  solution  was  vigorously  stirred.  The  so- 
lution was  allowed  to  stand  two  hours  at  a  temperature  slightly 
below  boiling.  The  barium  sulphate  was  then  filtered  off  and 
washed  with  hot  water  until  free  from  chlorides.  The  filter  with 
the  moist  precipitate  was  transferred  to  a  weighed  porcelain 
crucible  which  was  heated  over  a  low  flame  until  the  paper  was 
burned  off.  The  heat  was  then  raised  until  the  precipitate 
became  a  dull  red.  The  heating  was  continued  until  the  carbon 
was  burned  out.  The  crucible  with  the  precipitate  was  then 
cooled  in  a  dessicator  and  weighed.  Careful  ignition  was  re- 
peated until  constant  weight  was  obtained. 

Blank  determinations  were  made,  using  all  of  the  reagents  in 
the  same  quantities  and  the  determination  was  carried  out  ex- 
actly as  with  the  coal.  Any  barium  sulphate  found  was  sub- 
tracted from  that  obtained  in  the  coal  determination.  The  true 
weight  of  barium  sulphate  multiplied  by  0.1373  gave  the  weight 
of  sulphur. 
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Ultimate  Analysis. 

Carbon  and  Hydrogen. — The  carbon  and  hydrogen  determina- 
tions were  made  in  a  twenty-seven  burner  Bunsen  combustion 
furnace.  The  burners  were  adjustable  so  that  the  temperature 
in  different  parts  of  the  furnace  could  be  varied.  Kavalier  glass 
combustion  tubes,  seventeen  millimetres  in  diameter  were  used. 
The  tubes  were  cut  long  enough  to  project  about  ten  centimetres 
beyond  the  ends  of  the  furnace.  The  rear  end  of  the  tube  was 
closed  with  a  single  hole  rubber  stopper  into  which  a  branching 
tube  with  a  two  way  cock  was  fitted.  The  two  way  cock  was  used 
for  the  alternate  admission  of  air  and  oxygen  into  the  combus- 
tion tube.  The  rear  end  of  the  tube  for  a  distance  of  thirty 
centimetres  was  left  empty.  The  next  forty  centimetres  was 
filled  with  wire  copper  oxide.  This  was  held  in  place  by  add 
washed,  ignited  asbestos  plugs.  Following  the  copper  oxide 
the  tube  was  filled  for  a  distance  of  fifteen  centimetres  with 
granular  fused  lead  chromate.  This  also  was  Tield  in  place  by 
an  asbestos  plug. 

The  purifying  train  through  which  the  oxygen  and  air  were 
passed  before  entering  the  combustion  tube,  was  arranged  in 
duplicate,  one  part  for  oxygen  and  the  other  for  air.  The  puri- 
fying apparatus  used  was  Tauber's.  The  first  jar  contained 
concentrated  sulphuric  acid,  the  next  jar  contained  potassium 
hydroxide  solution,  one  limb  of  the  U  tube  contained  fused 
calcium  chloride  and  the  other  small  pieces  of  KOH.  The  potas- 
sium hydroxide  and  fused  calcium  chloride  were  separated  by 
glass  wool.  This  arrangement  removed  carbon  dioxide  and 
moisture  from  the  air  perfectly. 

The  absorption  apparatus  consisted  of  a  glass  stoppered  U 
tube  which  contained  concentrated  sulphuric  acid  and  a  Greissler 
bulb  which  contained  a  potassium  hydroxide  solution.  The 
Geissler  bulb  and  the  sulphuric  acid  tube  were  connected  by 
means  of  a  small  piece  of  shellaced  rubber  tubing.  Wherever 
rubber  tubing  was  used  in  the  combustion  train  it  was  shellaced 
on  the  outside  to  prevent  leakage  from  outside.  The  absorption 
tubes  were  protected  by  a  pair  of  glass  stoppered  U  tubes  one 
of  which  contained  concentrated  sulphuric  acid  and  the  other 
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potassium  hydroxide  solution.  The  absorption  tubes  were  con- 
nected to  the  front  end  of  the  combustion  tube  by  a  glass  tube 
which  was  tightly  fitted  into  a  well  rolled  cork. 

After  the  combustion  train  was  assembled  it  was  tested  for 
leakage.  No  diflBculty  was  experienced  in  removing  all  of  the 
CO2  and  moisture  from  the  gas  and  air  drawn  through  the  ap- 
paratus. 

The  analysis  in  detail  was  as  follows : 

Two-tenths  of  a  gram  of  the  well  mixed  air-dried  sample  was 
weighed  into  a  previously  ignited  and  weighed  platinum  com- 
bustion boat.  After  weighing,  this  was  quietly  transferred  to 
the  combustion  tube  and  pushed  up  close  to  the  rear  end  of  the 
copper  oxide.  The  amount  of  time  required  for  mixing  and 
weighing  sample  was  two  and  one-half  to  three  minutes.  This 
part  of  the  operation  was  hurried  as  much  as  possible  to  avoid 
change  in  moisture  content.  The  burners  underneath  the  cop- 
per oxide  and  lead  chromate  were  then  lighted.  The  burners 
were  so  adjusted  that  the  copper  oxide  was  brought  to  bright 
redness  and  the  lead  chromate  to  low  redness  before  the  burners 
were  turned  on  under  the  coal.  The  coal  was  slowly  heated, 
first  by  turning  the  burners  on  behind  the  boat  and  then  un- 
derneath, to  prevent  the  volatile  constituents  being  driven  oflf 
too  quickly.  If  the  volatile  constituents  are  driven  off  too 
quickly  a  great  deal  of  time  is  required  for  complete  combus- 
tion. The  final  temperature  was  kept  below  that  of  the  fusion 
point  of  the  ash.  While  combustion  was  going  on  air  was  slowly 
pulled  through  the  train.  When  combustion  was  ahriost  com- 
plete oxygep  was  passed  through  the  tube  to  insure  complete 
combustion.  After  the  combustion  was  complete  air  was  again 
passed  through  the  train  to  sweep  out  the  last  traces  of  mois- 
ture and  carbon  dioxide.  After  complete  combustion  the  tem- 
perature of  the  tube  and  its  contents  was  slowly  lowered'  to 
prevent  the  tube  from  breaking  and  to  prepare  for  another 
combustion. 

After  cooling  for  several  minutes  in  the  balance  case,  the 
absorption  apparatus  was  weighed  and  the  gain  in  weight  of 
each  tube  noted.    From  the  gain  in  weight  of  the  sulphuric  acid 
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tube  and  potash  bulbs  the  hydrogen  and  carbon  contents  were 
calculated. 

Nitrogen. — The  Kjeldahl  method  was  employed  for  the  de- 
termination of  nitrogen.  One  gram  of  the  well  mixed  air-dried 
sample  was  placed  in  a  200  cc.  Kjeldahl  digestion  flask  and  was 
digested  for  about  an  hour  and  a  half  with  30  cc.  concentrated 
sulphuric  acid  and  about  .65  gm.  mercury.  The  time  required 
for  the  digestion  varied  slightly  with  different  samples,  the  di- 
gestion being  continued  in  each  case  for  at  least  forty  minutes 
after  oxidation  was  apparen'tly  complete.  The  vapors  from  the 
distillation  flask  were  condensed  in  a  tin  condensing  coil  which 
was  connected  to  the  digestion  flask  by  means  of  a  glass  tube 
and  a  close  fitting  rubber  stopper.  The  coil  of  the  condenser 
was  surrounded  by  cold  water. 

The  ammonia  found  was  absorbed  in  10  cc.  standard  sulphuric 
acid  of  which  1  cc.  was  equivalent  to  .005  N.  The  remaining 
acid  was  titrated  with  standard  ammonia  (1  cc.=.0025  gm.  N.). 

Calorific  value. — This  was  determined  with  a  Parr  Standard 
Calorimeter,  which  was  installed  in  a  room  as  free  as  possible 
from  fluctuations  in  temperature.  The  apparatus  was  care- 
fully standardized,  the  water  equivalent  being  determined  by 
different  methods  as  follows:  (1)  Calculation  of  the  water 
equivalent  from  weights  and  specific  heats  of  the  different 
parts  of  the  calorimeter.  (2)  By  burning  resublimed  naphtha- 
lene in  the  bomb.  (3)  By  burning  pure  cane  sugar  in  the  bomb. 
The  results  of  the  three  different  determinations  agreed  closely. 
The  correction  components  used  for  the  chemicals,  iron  wire 
and  for  the  varying  compositions  of  the  different  coals  were 
those  determined  by  Prof.  S.  W.  Parr,  of  the  University  of  Dli- 
nois.  The  thermometers  used  were  standardized  by  the  Bureau 
of  Standards  in  Washington. 

One  gram  of  the  powdered  air-dried  coal  was  weighed  into 
the  bomb  of  the  calorimeter.  To  this  was  added  one  gram  of 
accelerator  (potassium  chlorate)  and  fifteen  grams  of  perfectly 
dry  pure  sodium  peroxide.  The  false  cap  was  then  put  into 
position  and   screwed  firmly  into  place  and  the  ingredients 
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mixed  by  shaking  the  bomb  thoroughly.  The  material  was  then 
shaken  to.  the  bottom  of  the  bomb,  the  false  top  removed,  the 
ignition  device  inserted  and  firmly  screwed  in  place.  The 
bomb  now  complete  was  put  in  place  into  the  can  which  con- 
tained exactly  two  litres  of  distilled  water.  The  lid  was  «then 
placed  on  the  calorimeter,  pulley  attached  and  the  thermometer 
inserted  so  that  the  bulb  was  half  way  to  the  bottom  of  the  can. 
The  water  was  stirred  by  metal  wings  attached  to  the  bomb 
which  was  revolved  by  a  belt  from  a  small  motor. 

The  motor  was  started  and  apparatus  allowed  to  run  for  five 
minutes  before  ignition  in  order  that  the  rate  of  change  of 
temperature  might  be  noted  by  taking  a  reading  each  minute. 
At  the  end  of  the  fifth  minute  the  charge  in  the  bomb  was  ig- 
nited by  closing  a  switch  which  allowed  an  electric  current  of 
four  and  one-half  amperes  to  quickly  fuse  a  thirty-four  gauge 
iron  wire,  four  inches  long,  which  extended  into  the  charge  in 
the  bomb.  The  temperature  was  read  each  minute  until  the 
maximum  was  reached,  then  each  minute  for  five  minutes  to 
obtain  the  rate  of  change  of  temperature  due  to  radiation. 

The  apparatus  was  then  taken  apart,  each  piece  dried  thor- 
oughly, and  prepared  for  a  new  charge.  The  room  temperature 
was  taken  during  each  determination. 

The  calorific  value  was  calculated  by  multiplying  the  number 
of  British  Thermal  Units  corresponding  to  one  degree  increase 
in  temperature  by  the  total  rise  of  temperature  obtained  after 
the  correction  factors  had  been  subtracted.  The  calorific  value 
was  also  calculated  in  calories.  Corrections  other  than  those 
noted  above  were  made  for  the  formation  of  nitric  acid  and  com- 
bustion of  sulphur  fo  sulphuric  acid. 

Specific  Gravity — The  true  specific  gravity  of  the  coal  sub- 
stance was  determined  by  the  method  described  by  Stanton  and 
Fieldner  in  Bureau  of  Mines  Technical  Paper,  Number  8.  The 
procedure  was  as  follows :  Three  and  five-tenths  grams  of  the 
finely  pulverized  coal  was  dried  at  105°  C.  for  one  hour.  This 
was  placed  in  50  cc.  pycnometer  with  35  cc.  of  distilled  water. 
The  contents  of  the  flask  were  boiled  slowly  under  reduced 
pressure  on  a  water  bath.     To  prevent  loss  of  solid  particles 
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during  boiling,  a  six  inch  two  bulb  drjdng  tube  was  fitted  into 
a  well  rolled  cork  stopper  in  tbe  neck  of  the  pycnometer.  The 
other  end  of  the  drying  tube  was  connected  to  an  aspirator. 
The  boiling  was  continued  under  reduced  pressure  for  several 
hours  to  insure  complete  removal  of  all  air.  The  drying  tube 
was  removed  from  the  neck  of  the  pycnometer  which  was  nearly 
filled  with  boiled,  cooled,  distilled  water.  The  pycnometer  with 
conten*ts  was  allowed  to  cool  to  room  temperature  in  the  bal- 
ance case,  stoppered  and  weighed.  The  temperature  of  the 
contents  was  taken  at  time  of  weighing.  The  pycnometer  was 
emptied,  dried  and  filled  with  boiled,  cooled,  distilled  water  and 
placed  in  the  balance  case  until  the  temperature  of  the  con- 
tents was  the  same  as  that  of  the  balance  room.  The  pycno- 
meter was  then  stoppered  and  weighed.  The  true  specific 
gravity  was  then  calculated  as  follows: 

W 

True  specific  gravity= 


W— (W— P) 
W=weight  of  coal. 

W*=weight  of  pycnometer+coal+water  to  fill. 
P  =weight  of  pycnometer+water  to  fill. 

Analysis  of  Ash  of  Coal  Samples. 

Quite  complete  analyses  of  the  ash  of  the  coal  samples  ex- 
amined, were  made.  The  procedure  was  as  follows :  100  grams 
of  the  air-dried  coal  sample  was  placed  in  a  well  cleaned,  pre- 
viously ignited,  fire  clay  crucible.  Only  crucibles  which  had  a 
perfectly  smooth  inner  surface  were  used.  The  crucibles  used 
were  furnished  by  the  Denver  Fire  Clay  Company  of  Denver, 
Col.  The  crucible  was  placed  in  the  cool  muflBe  of  a  gasoline  as- 
say furnace.  The  temperature  was  raised  very  slowly  until  all  of 
the  volatile  matter  was  driven  off.  The  muffle  was  then  heated 
to  low  redness  and  kept  at  that  temperature  until  ignition  was 
complete.  The  ash  was  removed,  cooled  in  a  dessicator,  well 
mixed  and  a  small  portion  weighed  into  a  weighed  platinum 
crucible.  The  content  of  the  platinum  crucible  was  ignited, 
cooled  and  weighed  to  determine  if  the  ignition  in  the  muffle  had 
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been  complete.  If  the  ignition  in  the  platinum  crucible  showed 
a  loss  in  weight  the  sample  was  returned  to  the  muffle  and  heated 
until  ignition  was  complete.  This  method  allows  large  samples 
of  coal  to  be  ashed  and  a  large  number  of  samples  to  be  run 
at  one  tiihe,  and  has  the  further  advantage  that  the  tempera- 
ture can  be  easily  controlled.  After  complete  ignition  in  the 
muffle  furnace  the  samples  were  cooled  in  a  dessicator  and 
transferred  to  a  previously  dried,  glass  stoppered  bottle.  The 
well  mixed  samples  for  analysis  were  weighed  out  from  the  bot- 
tles as  they  were  needed.  CaO,  FcjOs,  AI2O3,  SiOj,  MgO, 
P2O5,  and  SOs,  were  determined. 

The  methods  used  for  these  determinations  were  standard 
methods  and  inasmuch  as  complete  analyses  of  coal  ash  are 
rarely  ever  made,  it  has  not  been  thought  necessary  to  give 
details  of  procedure  other  than  those  already  given. 

Calciilation  of  Results. 

The  actual  determinations  were  those  made  upon  the  air- 
dried  sample.  The  results  tabulated  under  the  heading,  **  Re- 
sults corrected  to  sample  as  received,"  were  not  obtained  by 
analysis  of  the  original  sample,  but  were  calculated  from  the  re- 
sults of  the  analysis  of  the  air-dried  sample.  The  only  determin- 
ation made  on  the  original  sample  was  moisture. 

The  calculations,  from  ** air-dried"  to  **as  received"  condi- 
tions were  made  according  to  the  following  formulae:  (Method 
of  statement  of  formulae  taken  from  Bureau  of  Mines  Bulletin, 
No.  22,  page  26.)  ' 
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"Alr-drlei"  condition. 


Moisture  at  105**  C.     X 


Volatile  matter 


Fixed  Carbon 


100 — air-dry  loss 


ABh 


Sulphur 


Hydrogen 


Carbon 


Nitrogen 


Calorific   value 


X 


X 


100 
100 — air-dry  loss 

100 
100 — air-dry  loss 

100 
100 — air-dry  loss 

100 
100 — air-dry  loss 

100 


"As  received"  condition. 


■fair-dry  loss       =moisture 


^volatile  matter 


=fized  carbon 


=ash 


100 — air-dry  loss      air-dry  loss 

X -f- 

100  9 

100 — air-dry  loss 


X 


100 
100 — ^air-dry  loss 

100 
100 — air-dry  loss 

100 


=sulphur 


=hydTOgen 


=carbon 


=nitrogen 


=calorific  value 


The  heat  values  obtained  from  the  ultimate  analyses  were 
calculated  by  DuLong's  formula.  The  form  of  the  formula 
used  is : 


Weight    carbon  X  8080-1-  (weight    hydrogen — 


weight  oxygen 
8 


)X34460-1- 


weight    sulphur X 2 250=Calories    per    gram. 
Calories Xl.8=Briti8h  Thermal  Units. 

The  sulphur  values  in  the  ultimate  analysis  were  obtained  by 
deducting  the  amount  of  sulphur  found  in  the  ash  from  the 
amount  of  total  sulphur. 

Description  of  Mines  Sampled. 

The  descriptions  of  the  mines  sampled,  which  appear  on 
pages  opposite  the  analyses,  were  written  by  Mr.  James  H. 
Lees,  Assistant  State  Geologist,  who  collected  the  samples. 
These  descriptions  are  taken  from  Vol.  XIX,  pages  482-487, 
Annual  Eeport  Iowa  Geological  Survey. 
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Sample  Number  10. 

Description  of  Mine. 

Operator.    Atwood  Coal  Company,  Wliat  Cheer. 

Mine.  Blyth  mine,  three  miles  northwest  of  Bose  Hill, 
Mahaska  .county,  on  long  switch  from  Bjioxville  branch, 
Chicago,  Rock  Island  and  Pacific  Railway. 

Sample  collected.    May  18, 1909. 

Description.  The  mine  was  sampled  in  the  fifth  north 
entry  on  the  west  side  of  the  mine,  840  feet  from  the  shaft. 
The  vein  dips  steeply  in  this  entry.  It  shows  a  thickness  of 
5  feet  1  inch  where  sampled.  The  coal  is  very  dean-looking, 
without  sulphur  bands  or  rock.  Only  one  vein  is  present. 
The  mine  when  sampled  had  been  running  four  years  and 
employed  100  men.  (See  Vol.  XIX,  page  202,  Annual  Re- 
port of  Iowa  Geological  Survey.) 

Discussion  of  Analytical  Results. 


Although  the  coal  in  place  showed  no  sulphur  bands,  the 
analysis  shows  this  element  to  be  present  in  quite  large 
amount.  The  presence  of  so  large  an  amount  of  sulphur 
would  undoubtedly  cause  this  coal  to  be  more  destructive  to 
grates  and  fire  boxes  than  the  average  Iowa  coal.  The  loss 
of  moisture  on  air-drying  is  that  of  the  average  Iowa  coal. 
Slagging  will  be  more  noticeable  with  this  coal,  if  firing  is 
forced,  than  with  some  of  the  other  coals  examined,  due  to 
high  pyrite  content.  The  ash  contains  an  abnormal  amount 
of  sulphur.  The  heat  value  is  above  average.  The  oxygen 
content  is  one  of  the  lowest  found  in  the  coals  examined. 
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Sample  Number  10. 

Per  Cent.  Per  Cent. 

Losis  of  moisture  on  air-drying 9.53 

Analysis  of  air-dried  sample:  Analysis  corrected  to  sample 

Proximate —  as  received:     Proximate — 

Moisture 5.58     . 14.57 

Volatile  combustible  matter 36.34     i.  32.88 

Fixed  Carbon 44.30     40.08 

Ash 13.78     12.47 


100.00  100.00 

Total  sulphur 6.51  6.00 

Analysis  of  air-dried  sample:  Analysis  corrected  to  sample 

Ultimate —  as  received:     Ultimate — 

Hydrogen 4.95  5.53 

Carbon 62,90  56.90 

Nitrogen 1.40  1.27 

Oxygen    10.93  18.37 

Sulphur 6.04  5.46 

Ash 13.78  12.47 


100.00  100.00 


Calorific  value  corrected  to  sample  as  received |  5* 


Calorific  value  determined  on  air-dried  sample Ic  I'^iM   6563* 

T.  U.  10688 
Calories   5938 

Calorific  value  calculated  from  ultimate  analysis  of  air-      (  B.  T.  U.  11619 
dried  sample ' |  Calories  6455 

Calorific  value  corrected  to  sample  as  received l^'^L^'  J2^3^^ 

( 'Calories  oo40 

Specific  gravity  of  air-dried  sample 1.295 

Analysis  of  ash  from  air-dried  sample. 

810, 18.21  per  cent 

CaO 17.74  per  cent 

MgO   1.10  per  cent 

Fe,0. 35.17  per  cent     ' 

AlaOa ^ 17.36  per  cent 

PjO. .675  per  cent 

SO» 8.53  per  cent 

Undetermined  1.315  per  cent 

100.00  , 


45 
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Sample  Number  11. 

Description  of  Mine. 

Operator.    Crescent  Coal  Company,  Oskaloosa. 

Mine.  Crescent  No.  5,  White  City,  Mahaska  county,  on 
Buxton  branch  Chicago  and  North  Western  Railway. 

Sample  collected.    May  9,  1909. 

Description.  This  sample  was  cut  from  the  first  room  on 
the  eighth  north  entry  on  the  east  side  of  the  mine  about  one 
mile  from  the  shaft.  The  coal  was  7  feet  8  inches  thick 
with  about  8  inches  of  slaty  coal  near  the  roof.  It  was  dip- 
ping steeply  away  from  the  entry.  (See  Vol.  XIX,  page 
216,  Annual  Report  Iowa  Geological  Survey.) 

Discussion  of  Analytical  Results. 

The  analysis  shows  the  air-dried  coal  to  contain  an  aver- 
age amount  of  moisture,  high  total  sulphur,  high  sulphur  in 
ash  and  a  lower  than  average  moisture  content  in  sample 
when  taken  from  mine.  The  heat  value  is  slightly  lower 
than  that  of  the  average  Iowa  coal.  The  coal  when  com- 
pletely burned  gives  a  brick  red  ash  with  higher  than  aver- 
age FcaOs  content.  The  ash  content  of  this  coal  probably 
varies  considerably  in  car  samples  due  to  presence  of  vary- 
ing amounts  of  the  slaty  material  at  the  top  of  the  vein.  The 
analysis  shows  a  high  ash  content. 
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Sample  Xmnber  11. 

Per  Cent.  Per  Cent. 

Loss  of  moisture  on  air-drying 6.82 

Analysis  at  air-dried  sample:  Analysis  corrected  to  sample 

Proximate —  as  received:     Proximate — 

Moisture 6.17     12.56 

Volatile  combustible  matter 36.71     34.21 

Fixed  Carbon 41.72     38.88 

Ash 15.40      14.35 


100.00  100.00 

Total  sulphur 5.87  5.47 

Analysis  of  air-dried  sample:  Analysis  corrected  to  sample 

Ultimate —  as  received:     Ultimate — 

Hydrogen  5.00  5.41 

Carbon 61.40  57.21 

Nitrogen 1.23  1.14 

Oxygen    11.56  16.85 

Sulphur 5.41  5.04 

Aah 15.40  14.35 


100.00  100.00 


Calorific  value  corrected  to  sample  as  received < 


{B    T    U     11497 
Calories   6387 

B.  T.  U.  10713 
Calories  5952 

Calorific  value  calculated  from  ultimate  analysis  of  air-      (  B.  T.  U.  11353 
dried  sample (Calories   6308 

Calorific  value  corrected  to  sample  as  received 12','^'.^'  125P 

(  Calories   5877 

Specific  gravity  of  air-dried  sample 1.261 

Analysis  of  ash  from  air-dried  sample. 

SiOj 17.49  per  cent 

CaO 16.40  per  cent 

MgO    1.35  per  cent 

FejO, —  36.02  per  cent 

AljOa  18.88  per  cent 

PjOs .692  per  cent 

SO, , 7.47  per  cent 

Undetermined  1.698  per  cent 


100.00 
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Sample  Number  12. 

Description  of  Mine. 

Operator.  Armstrong  Brothers  Coal  Company,  What 
Cheer. 

Mine.  Armstrong,  one  mile  east  of  WRat  Cheer,  Keokuk 
county.    No  railroad  connections. 

Sample  collected.    May  19,  1909. 

Description.  The  sample  was  taken  from  the  first  north 
entry  off  the  west  main  entry.  The  coal  here  showed  a 
thickness  of  4  feet  2  inches  and  was  clean  and  free  from 
impurities.  (See  Vol.  XlX,  page  288,  Annual  Report  Iowa 
Geological  Survey.) 

Discussion  of  Analytical  Results. 

Although  the  total  sulphur  content  is  well  above  that  of 
the  average  Iowa  coal,  the  sulphur  content  shown  in  the 
ultimate  analysis  is  normal.  The  reason  for  this  is  that 
a  considerable  part  of  the  sulphur  is  present  in  such  condi- 
tion that  it  went  into  ash.  Tlie  average  SO3  content  of  ash 
of  Iowa  Coals  is  6.00  per  cent.  An  abnormal  amount  of 
MgO  in  the  ash  is  also  to  be  noted.  Loss  of  moisture  on 
air-drying  is  below  average.  The  ash  content  is  above 
average. 
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Sample  Number  12. 

Per  Cent.  Per  Cent. 

L088  of  moisture  on  air-drying 7.83 

Analysis  of  air-dried  sample:  Analysis  corrected  to  sample 

Proximate —  as  recelyed:     Proximate — 

Moisture 7.43  14.68 

Volatile  com(bustlf>le  matter 38.21  36.22 

Fixed  Carbon 41.10  37.88 

Ash    13.26  12.22 


100.00  100.00 

Total  sulphur 5.16 4.75 

Analysis  of  air-dried  sample:  Analysis  corrected  to  sample 

Ultimate—  as  recelyed:     Ultimate — 

Hydrogen 4.88  ^ 6.36 

Carbon 62.75  67.84 

Nitrogen 1.42  1.32 

Oxygen    13.01  18.95 

Sulphur 4.68  4.31 

Ash 13.26  ^ 12.22 


100.00  100.00 

Calorific  yalue  determined  on  air-dried  sample )  Calorl^  6339 

Calorific  value  corrected  to  sample  as  recelyed <  CalorlM  5843 

Calorific  value  calculated  from  ultimate  analysis  of  air-      (  B.  T.  U.  11322 
dried  sample | Calories  6289 

Calorific  value  corrected  to  sample  as  received JSli^lj^'  rS^S^ 

(Calories  5797 

Specific  gravity  of  air-dried  sample  1.259 

Analysis  of  ash  from  alr-drled  sample. 

SIO, 20.81  per  cent 

CaO 17.50  per  cent 

MgO   2.06  per  cent 

Pe,0, 32.30  per  cent 

AljO. 15.85  per  cent 

P,0, .641  per  cent 

SO, .^ 8.53  per  cent 

Undetermined 1.829  per  cent 

100.00 
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Sample  Xumber  18. 


Description  of  Mine. 


Operator.  The  Fort  Dodge,  Des  Moines  and  Southern 
Railway  Company  (electric)  own  controlling  interest. 

Mine.  Ogden  No.  1,  two  miles  north  of  Ogden,  Boone 
county,  on  switch  from  main  line  of  Minneapolis  and  St. 
Louis  Railroad. 

Sample  collected.    May  14,  1909. 

Description.  The  sample  was  taken  from  the  fourth 
northeast  entry.  The  coal  is  here  4  feet  4  inches  thick,  free 
from  sulphur  bands  or  balls  as  well  as  from  rock.  It  is  the 
''lower  vein"  of  the  Boone  county  mines  and  averages  4V^ 
to  5^/^  feet.  The  ''upper  vein"  is  about  50  feet  above  and 
is  about  3%  feet  thick. 

The  shaft  is  275  feet  deep.;  It  was  completed  in  August 
of  1907.  The  mine  at  the  time  the  sample  was  taken  had 
an  output  of  400  tons,  of  three  grades,  lump,  range  and 
steam.  The  Minneapolis  &  St:  Louis  Railroad  Company  at 
that  time  used  about  125  tons  daily.  About  200  men  are 
etnployed  in  the  mine.  The  haulage  is  done  by  electricity. 
(See  Vol.  XIX,  page  74,  Annual  Report  Iowa  Geological 
-Survey.) 


Discussion  of  Aiaalytical  Results. 


This  coal  is  one.  of  the  best  examined.  The  ash  content 
is  low  for  an  Iowa  coal,  although  the  sulphur  content  is 
high.  The  heat  value  is  well  above  the  average.  The  iron 
content  in  the  ash  is  quite  high  and.it  is  quite  probable  that 
this  coal  will  not  stand  forced  firing  on  account  of  slagging. 
All  Iowa  coalsslag,  however,  under  certain  conditions.  The 
cause  and  nature  of  slagging  is  discussed  at  another  place. 
The  lime  and  alumina  values  in  the  ash  are  low. 
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Sample  Number  13. 

Per  Cent.  Per  Cent. 

Loss  of  moisture  on  air-drying 10.65 

Analysis  of  air-dried  sample:  Analysis  corrected  to  eample 

Proximate —  as  received:     Proximate — 

Moisture 8.91      _ _   18.61 

Volatile  combustible  matter 37.81     38.78 

Fixed  Carbon 43.31     38.70 

Ash ^ 9.97     -_ 8.91 


100.00  100.00 

Total  sulphur 6.10  5.46 

Analysis  of  air-dried  sample:  Analysis  corrected  to  sample 

Ultimate —  as  received:     Ultimate — 

Hydrogen 5.18  _  5.81 

Carbon    63.80  _  .   57.01 

Nitrogen 1.63  1.46 

Oxygen    13.48  .   21.49 

Sulphur 5.94  5.81 

Ash ^ 9.97  8.92 


100.00  100.00 

5B.  T.  U.  1189 
/  Calories  6608 


Calorific  value  determined  on  air-dried  sample \f/  '^'  '''  11894 


B.  T.  r.  10627 
Calories  5904 

B.  T.  i;.  1 1 687 
Calories  6493 

B.  T.  U.   10442 
Calories  5801 
Specific  gravity  of  air-dried  sample  1.283 


Calorific  value  corrected  to  sample  as  received 

Calorific  value  calculated  from  ultimate  analysis  of  air- 
dried  sample 

Calorific  value  corrected  to  sample  as  received 


Analysis  of  ash  from  air^ried  sample. 

SIO, 23.76     per  cent 

CaO 1.S..S4     per  cent 

MgO ,67     per  cent 

FejOj 43.49     per  cent 

AljO, 11.09     per  cent 

FjO, ,627  per  cent 

SO,   4.13     per  cent 

Cndetemiined  .693  per  cfnU 
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Sample  Number  14. 

Description  of  Mine. 

Operator.    Campbell  Coal  Company,  New  Market. 

Mine.  Campbell  No.  1,  nearly  one  mile  east  of  New  Mar- 
ket, on  the  Keokuk,  Shenandoah  and  Bed  Oak  division  of 
the  Chicago,  Bnrlington  and  Quincy  Bailroad. 

Sample  collected.    May  22, 1909. 

Description.  The  sample  was  collected  from  the  second 
west  entry  off  the  second  north  entry.  The  bed  was  16 
inches  thick  where  sampled.  It  varies  from  16  to  20  inches 
in  thickness  in  different  parts  of  its  extent.  In  some  places 
it  shows  thin  streaks  of  sulphur  or  clay  one-eighth  to  one- 
half  inch  thick.  The  coal  is  brittle  and  breaks  easily  with 
angular  fracture.  The  mine  is  on  the  right-of-way  and  is 
served  by  a  short  siding.  (See  Vol.  XIX,  page  383,  An- 
nual Report  of  Iowa  Geological  Survey.) 

Discussion  of  Analytical  Results. 

This  coal,  like  several  of  the  other  Iowa  coals  examined, 
loses  more  than  an  average  amount  of  moisture  on  air-dry- 
ing. With  the  exception  of  the  heat  value  this  coal  is  about 
an  average  coal  from  the  Iowa  field.  The  coal  has  the  ap- 
pearance of  one  that  would  weather  badly.  Appearance, 
however,  is  not  always  a  good  basis  for  the  judgment  of 
this  property.  Analysis  shows  the  coal  to  be  better  than  its 
appearance  indicates. 
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Sample  Number  14. 

Per  Cent.  Per  Cent. 

Loss  of  moisture  on  air-drying 10.97 

Analysis  of  air-dried  sample:  Analysis  corrected  to  sample 

Proximate —  as  received:     Proximate — 

Moisture 9.24      19.11 

Volatile  combustible  matter 34.17     30.45 

Fixed  Carbon 43.60     38.86 

Ash 12.99      11.58 


100.00  100.00 

Total  sulphur 4.78  4.26 

Analysis  of  air-dried  sample:  Analysis  corrected  to  sample 

Ultimate —  as  received:     Ultimate — 

Hydrogen  4.73  5.43 

Carbon 63.80  56.80 

Nitrogen 1.59  1.41 

Oxygen    12.51  20.90 

Sulphur 4.38  3.90 

Ash - 12.99  11.56 


100.00  100.00 

Calorific  value  determined  on  air-dried  sample |  Calories  6385^ 

Calorific  value  corrected  to  sample  as  received |  Calories  5685^ 

Calorific  value  calculated  from  ultimate  analysis  of  air-      (  B.  T.  U.  11422 
dried  sample \  Calories  6346 

Calorific  value  corrected  to  sample  as  received <2*,'^*i^*  i?-^^ 

(  Calories  5649 

Specific  gravity  of  air-dried  sample 1.272 

Analysis  of  ash  from  air-dried  sample. 

Sio,    20.97  per  cent 

CaO    20.79  per  cent 

MgO   1.10  per  cent 

Fe,0, 1 1 30.17  per  cent 

A1,0, 17.11  per  cent 

P,0» ^ _ 1.22  per  cent 

SO.    7.58  per  cent 

Undetermined  1.06  per  cent 

100.00 
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Sample  Number  16. 

Description  of  Mine. 

Operator.    Wapello  Coal  Company,  Hiteman. 

Mine.  Wapello  No.  4,  three  miles  northwest  of  Hiteman, 
Monroe  county,  on  branch  from  the  main  line  of  the  Chi- 
cago, Burlington  and  Quincy  Bailroad. 

Sample  collected.    May  21,  1909. 

Description.  The  sample  is  from  the  seventeenth  room 
off  the  tenth  west  entry  off  the  sixteenth  north  entry.  The 
vein  measured,  where  sampled,  5  feet  4  inches  and  is  free 
from  sulphur  and  rock.     The  average  thickness  is  5^^  feet. 

The  mine  uses  tail  rope  haulage  for  about  a  mile  under 
ground  and  the  entries  run  in  one-half  mile  farther.  The 
output  was  900  tons  daily.  (See  Vol.  XIX,  page  242,  An- 
nual Report  of  Iowa  Geological  Survey.) 

Discussion  of  Analytical  Results. 

The  noticeable  feature  of  this  coal  is  its  low  sulphur 
content.  The  sulphur  is  present  in  such  condition  that  much 
of  it  goes  into  the  ash.  This  coal  should  have  little  destruc- 
tive effect  upon  grates  and  fire  boxes  and  should  stand 
forced  firing  better  than  many  Iowa  coals.  The  oxygen 
content  is  above  average.  Silica  in  the  ash  is  high  and  iron 
is  low.  The  ash  is  lighter  colored  than  most  of  samples 
examined.  This  is  probably  due  to  the  iron  content.  The 
appearance  of  the  coal  indicates  a  higher  thermal  value 
than  the  analysis  shows.  The  amount  of  moisture  retained 
after  air-drying  is  higher  than  the  average. 
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Sample  Number  16. 

Per  Cent.  Per  Cent. 

Loss  of  moUture  on  air-drying 8.21 

Analysis  of  air-dried  sample:  Analysis  corrected  to  sample 

Proximate —  as  received:     Proximate — 

Moisture 8.40  15.92 

Volatile  combustible  matter 36.26  33.28 

Fixed  Carbon 42.80  39.29 

Ash 12.54  11.51 


100.00  100.00 

ToUl  sulphur 2.10  1.9a 

Analysis  of  air-dried  sample:  Analysis  corrected  to  sample 

Ultimate —  as  received:     Ultimate — 

Hydrogen 5.10  5.59 

Carbon    64.10  58.84 

Nitrogen 1.88  1.73 

Oxygen 14.55  20.64 

Sulphur 1.83  1.68 

Ash 12.54  11.52 


100.00  100.00 

{Tj     rn     TT     IIKfiA 
Calories  6424 

Calories'  5897 

Calorific  value  calculated  from  ultimate  analysis  of  air-      (  B.  T.  U.  11437 
dried  sample (Calories  6351 

Calorific  value  corrected  to  sample  as  received 1  Calorl^    5832^ 

Specific  gravity  of  air-dried  sample  1.274 

Analysis  of  ash  from  airnlrled  sample. 

SiOj 30.87     per  cent 

CaO 16.25     per  cent 

MgO   1.31     per  cent      • 

Fe,0, 28.05     per  cent 

AlaO, 16.12     per  cent 

P,0, .663  per  cent 

SO, 5.41  per  cent 

Undetermined  1.357  per  cent 

100.00 


716  ANALYSES  OF  IOWA  COALS 

Sample  Number  16. 

Description  of  Mine. 

Operator.    Phillips  Fuel  Company,  Ottmnwa. 

Mine.  Bear  Creek  mine,  at  Bear  Creek,  Wapello  county, 
four  miles  southwest  of  Ottumwa,  on  the  Chicago,  Mil- 
waukee and  St.  Paul  Railway. 

Sample  collected.    May  20,  1909. 

Description.  The  sample  is  from  the  first  south  entry. 
Here  the  coal  is  4  feet  6  inches  thick  and  is  in  the  main  clean 
and  free  from  rock  except  near  the  roof,  where  some  bowl- 
ders occur.  One  of  these  near  the  place  of  sampling  meas- 
ured ten  inches  in  thickness. 

The  mine  was  opened  in  the  fall  of  1908.  At  the  time  of 
sampling  forty  miners  were  employed  and  tail  rope  haulage 
was  installed.  Hoisting  is  done  by  duplex  engine  geared  to 
the  drum.  (See  Vol.  XIX,  page  302,  Annual  Beport  Iowa 
Geological  Survey.) 

Discussion  of  Analytical  Results. 

The  moisture  in  sample  *'as  received"  is  low  for  an  Iowa 
coal.  The  moisture  in  the  air-dried  sample  is  also  consider- 
ably below  the  average.  The  ash  content  is  high,  due  mostly 
to  earthy  material.  The  ash  is  dark  in  color  and  quite  high 
in  iron  oxide.  The  iron  in  the  ash  of  this  sample  does*  not 
come  entirely  from  pyrites  (FeSa)  which  is  present  in  con- 
siderable quantities  in  all  Iowa  coals,  but  also  from  earthy 
material  with  a  dark  soily  appearance.  The  heat  value  is 
a  little  below  that  of  the  average  coal  from  the  Iowa  field. 
The  writer  is  convinced  that  washing  would  greatly  improve 
this  coal. 
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Sample  Number  16. 

Per  Cent.  Per  Cent. 

Loss  of  moisture  on  air-drying 7.49 

Analysis  of  air-dried  sample:  Analysis  corrected  to  sample 

Proximate—  as  received:     Proximate — 

Moisture 4.79  1 11.92 

Volatile  combustible  matter 37.59  34.78 

Fixed  Carbon 43.22  39.98 

Ash 14.40  13.32 


100.00  100.00 

Total  sulphur 6.63  6.13 

Analysis  of  alrnlried  sample:  Analysts  corrected  to  sample 

Ultimate —  as  received:     Ultimate — 

Hydrogen  5.19  5.63 

Carbon 62.04  57.40 

Nitrogen  1.39  1.29 

Oxygen   10.64  16.49 

Sulphur  ^ 6.34  5.87 

Ash 14.40  13.32 


100.00  100.00 


1695 
6497 


Calorific  value  determined  on  air-dried  sample 1  c  lo  i^   6 

Calorific  value  corrected  to  sample  as  received |  Calori^'  6011^ 

Calorific  value  calculated  from  ultimafte  analysis  of- air-      (B.  T.  U.  11674 
dried  sample |  Calories  6486 

Calorific  value  corrected  to  sample  as  received IS'i'^'i^*  JJa?^ 

^  (Calories  6000 

Specific   gravity   of   air-dried   sample 1.269 

Analysis  of  ash  from  air-dried  sample. 

SIO, 21.70  per  cent 

CaO 15.29  per  cent 

MgO   1.92  per  cent 

Pe,0, 38.62  per  cent 

AlaO. 1 15.63  per  cent 

P,0» .259  per  cent 

SO, 4.95  per  cent 

Undetermined  1.731  per  cent 

100.00 
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Sample  Number  17. 

Description  of  Mine. 

Operator.    Willow  Grove  Coal  Company,  Angus. 

Mine.  Willow  Grove  mine,  on  northwest  border  of  Angus 
in  Greene  county.    No  railroad  connections. 

Sample  collected.    May  14, 1909. 

Description.  This  sample  was  taken  from  the  fourth 
east-south  entry.  The  seam  is  here  4  feet  2  inches  thick. 
The  coal  breaks  with  angular  fracture  and  shows  bright 
clean  faces.  Thin  films  of  lime  occur  along  stratification 
planes.  The  vein  worked  is  called  the  lower  vein.  Its  thick- 
ness ranges  from  4  to  5%  feet.  The  middle  vein  is  separated 
from  the  lower  by  a  sandstone  roof  3%  to  20  feet  thick,  with 
an  average  of  14  feet.  Owing  to  the  character  of  the  roof 
the  mine  is  very  wet.  (See  Vol.  XIX,  page  361,  Annual  Re- 
port Iowa  Geological  Survey.) 

Discussion  of  Analytical  Results. 

Although  this  mine  is  wet  the  sample  as  received  did  not 
show  high  moisture  content.  After  air-drying  the  moisture 
value  is  lower  than  that  of  the  average  coal.  The  carbon 
content  is  lower  than  that  of  any  coal  examined.  The  ash 
is  high,  due  to  the  lime  bands  mentioned  above.  The  ash  is 
light  in  color,  low  in  iron  oxide  and  the  magnesia  content 
is  the  highest  found  in  any  of  the  samples  examined.  This 
constituent  is  undoubtedly  present  in  the  lime  bands  men- 
tioned. The  calorific  value  is  lower  than  that  of  any  of  the 
samples  in  this  group.  Washing  would  undoubtedly  in- 
crease the  value  of  this  coal.  Much  of  the  ash-forming  ma- 
terial could  be  removed.  This  treatment  would  also  remove 
much  of  the  sulphur,  thereby  decreasing  whatever  destruct- 
ive effect  the  coal  has  upon  grates  and  fire  boxes. 
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Sample  Number  17. 

Per  Cent.  Per  Cent. 

Lobs  of  moieture  on  air-drying 8.08 

Analysis  of  air-dried  sample:  Analysis  corrected  to  sample 

Proximate —  as  received:     Proximate — 

Moisture 5.57  13.20 

Volatile  combustible  matter 38.73  35.60 

Fixed  Carbon 40.40  37.14 

Ash 15.30  14.06 


100.00  100.00 

Total  sulphur 5.37  4.94 

Analysis  of  air-dried  sample:  Analysis  corrected  to  sample 

Ultimate —  as  received:     Ultimate — 

Hydrogen 5.14  5.62 

Carbon    60.48  55.59 

Nitrogen  1.45  1.33 

Oxygen    12.53  18.71 

Sulphur 5.10  4.69 

Ash 15.30  14.06 


100.00  100.00 


!B    T    IT 
Calories 


B.  T.  U.  11234 
6241 

{B   T   II     10^26 
Calories  5737 

Calorific  value  calculated  from  ultimate  analysis  of  air-      C  B.  T.  U.  11219 
dried  sample (  Calories  6233 

Calorific  value  corrected  to  sample  as  received I  2*  '^\^'  12?i^ 

(Calories  5730 

Specific  gravity  of  air-dried  sample 1.262 

•     Analysis  of  ash  from  air-dried  sample. 

SiO, .. 26.50  per  cent 

CaO 18.21  per  cent 

MgO    2.11  per  cent 

Fe,0,    27.77  per  cent 

A1,0,  18.44  per  cent 

PA .996  per  cent 

SO,    4.35  per  cent 

Undetermined  1.624  per  cent 

100.00 
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Sample  Number  18. 

Description  of  Mine. 

Operator.    High  Bridge  Coal  Company,  Madrid. 

Mine.  High  Bridge  mine,  High  Bridge,  Dallas  county,  on 
Boone  division  of  the  Chicago,  Milwaukee  and  St.  Paul  Rail- 
way. 

Sample  collected.    May  12,  1909. 

Description.  The  sample  was  collected  from  the  face  of 
the  west  entry  about  1,300  feet  from  the  shaft.  The  coal 
is  here  3  feet  11  inches  thick.  It  has  a  clay  roof  and  about 
three  inches  of  black  shale  on  the  floor.  This  is  underlain 
by  gray  fire  clay.  The  capacity  of  the  mine  at  the  time  of 
sampling  was  300  tons  daily.  (See  Vol.  XIX,  page  89,  An- 
nual Report  Iowa  Geological  Survey.) 

Discussion  of  Analytical  Results. 

The  sample  as  received  was  high  in  moisture,  much  of 
which  was  lost  on  air-drying.  The  air-dried  sample,  how- 
ever, retained  about  two  per  cent  more  moisture  than  the 
average.  This  coal  has  the  lowest  sulphur  content  of  any 
of  the  coals  examined.  A  considerable  part  of  the  sulphur 
went  into  the  ash.  The  ash  is  light  in  color.  The  lime  con- 
tent is  high.  Iron  oxide  is  low  as  might  be  expected  from 
the  low  amount  of  sulphur.  The  thermal  value  is  about 
average.  Fixed  carbon  is  above  and  volatile  combustible 
matter  is  below  the  average. 
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Sample  Niimb«r  18. 

Per  Cent.  Per  Cent. 

Loss  of  moisture  on  air-drying 10.47 

Analysis  of  air-dried  sample:  Analysis  corrected  to  sample 

Proximate —  as  received:     Proximate — 

Moisture 8.68  18.21 

Volatile  combustible  matter 33.14  29.67 

Fixed  Carbon 45.00  40.29 

Ash 13.21  11.83 


100.00  100.00 

Total  sulphur 2.75     2.46 

AnalyMs  of  air-dried  sample:  Analysis  corrected  to  aample 

Ultimate —  as  received:     Ultimate — 

Hydrogen  4.69     5.36 

Carbon    ^ 65.92     59.03 

Nitrogen  1.67     1.50 

Oxygen    12.17     20.18 

Sulphur     2.34      2.10 

Ash 13.21      11.83 


100.00  100.00 

Calorific  value  determined  on  air-dried  sample ___.  |  ^•,'^'  ^-  H«P 

(  Calories  6486 

Calorific  value  corrected  to  sample  as  received iS't'^'i^*  iS^5^ 

(  Calories  5807 

Calorific  value  calculated  from  ultimate  analysis  of  air-      C  B.  T.  U.  11648 
dried  sample (Calories  6471 

Calorific  value  corrected  to  sample  as  received 1r  I'^i^    Jtq^^ 

Specific  gravity  of  air-dried  sample  1.275 

Analysis  of  ash  from  air-dried  sample. 

SiO, 23.34     per  cent 

CaO 25.03     per  cent 

MgO   .76     per  cent 

FOaO.    24.28     per  cent 

A1,0,  17.10     per  cent 

PjO. .329  per  cent 

SO.    7.90     per  cent 

Undetermined  1.261  per  cent 

100.00 
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Sample  Number  10. 

Description  of  Mine. 

Operator,    Phillips  Fuel  Company,  Ottumwa. 

Mine.  Rutledge  No.  5,  at  Rntledge,  Wapello  county,  on 
the  Chicago,  Milwaukee  and  St.  Paul  Railway. 

Sample  collected.    May  20, 1909. 

Description.  The  mine  was  sampled  in  the  seventeenth 
west  entry  on  the  north  side  of  the  shaft,  about  one  mile 
from  the  bottom.  The  seam  is  here  3  feet  10  inches  thick 
and  is  free  from  rock,  although  there  are  some  sulphur  con- 
cretions. The  average  thickness  of  the  bed  is  42  inches. 
(See  Vol.  XIX,  page  298,  Annual  Report  Iowa  Geological 
Survey.) 

Discussion  of  Analytical  Results. 

The  sulphur  content  is  high.  Ash  is  low  for  an  Iowa  coal. 
The  ash  was  a  dark  brick  red  due  to  the  iron  oxide  content. 
The  carbon  value  is  high  and  as  a  result  the  thermal  value 
is  correspondingly  high.  Moisture  in  sample  as  received 
is  lower  than  the  average.  Except  for  the  large  amount  of 
pyrite  present  this  coal  has  an  excellent  appearance. 
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Sample  Xnmber  10. 

Per  Cent.  Per  Cent. 

Loss  of  moisture  on  air-drying 7.53 

Analysis  of  air-dried  sample:  Analysis  corrected  to  sample 

Proximate —  as  received:     Proximate — 

Modsture 5.84  12.93 

Volatile  combustible  matter 38.78  35.86 

Fixed  Carbon 44.14  40.82 

Ash 11.24  10.39 


100.00  100.00 

Total  sulphur 6.26  5.79 

Analysis  of  air-dried  sample:  Analysis  corrected  to  sample 

Ultimate —  as  received:     Ultimate — 

Hydrogen 6.09  5.54 

Carbon    64.20  59.36 

Nitrogen 1.67  1.54 

Oxygen    11.80  17.63 

Sulphur 6.00  6.54 

Ash 11.24  10.39 


100.00  100.00 

Calorific  value  determined  on  air-dried  sample )  CaloriS  6672^ 

Calorific  value  corrected  to  sample  as  received J  Calories  6170 

Calorific  value  calculated  from  ultimate  analysis  of  air-      C  B.  T.  U.  11822 
dried  sample \  Calories  6568 

Calorific  value  corrected  to  sample  as  received ^S'l'^'*^'  l^tn^ 

I  Calories   6073 

Specific  gravity  of  air-dried  sample  1.293 

Analysis  of  ash  from  air-dried  sample. 

SiOj -' 13.61  per  cent 

CaO - 14.49  per  cent 

MgO   .97  per  cent 

Fe,0,    47.81  per  cent 

AI3O,  15.53  per  cent 

PA .677  per  cent 

SO, 5.80     per  cent 

Undetermined  1.113  per  cent 

100.00 


724  ANALYSES  OF  IOWA  COALS 

Sample  Number  20. 

Description  of  Mine. 

Operator.    Keystone  Coal  Mining  Company,  Des  Moines. 

Mine.  Keystone  mine,  Des  Moines,  Polk  connty,  at  west 
city  limits,  on  Chicago,  Milwaukee  and  St.  Panl  Railway. 

Sample  collected.    June  21, 1909. 

Description.  The  sample  was  taken  from  the  face  of  the 
second  north  entry,  where  the  vein  has  just  risen  from  a 
swamp  to  the  top  of  a  hill.  Where  sampled  the  vein  meas- 
ured 4  feet  3  inches.  In  the  swamp  it  was  seven  feet  thick. 
It  will  vary  from  3  feet  8  inches  to  7  feet  in  different  parts 
of  the  mine.  Some  thin  sulphur  streaks  were  present  in 
the  face,  but  no  rock  or  thick  sulphur  bands. 

The  shaft  is  165  feet  deep.  It  was  sunk  July,  1908.  The 
mine  at  the  time  of  sampling  was  not  well  opened,  but  had 
an  output  of  75  to  80  tons  daily,  and  employed  23  men.  (See 
Vol.  XIX,  page  114,  Annual  Report  Iowa  Geological  Sur- 
vey.) 

Discussion  of  Analytical  Results. 

The  sample  as  received  was  lower  in  moisture  than  the 
average  Iowa  coal.  Ash  and  sulphur  contents  are  high. 
The  ash  is  a  dark  buff  colored  mass  and  contains  more  than 
the  average  amount  of  phosphorus.  In  this  coal  as  in 
nearly  all  of  the  Iowa  coals  a  large  amount  of  sulphur  goes 
into  the  ash.  The  lime  content  in  the  ash  is  noticeably  low. 
The  thermal  value  is  a  little  below  the  average. 
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Sample  Number  20. 

Per  Cent.  Per  Cent. 

Loss  ot  moisture  on  air-drying 8.64 

Analysis  of  air-dried  sample:  Analysis  corrected  to  sample 

Proximate —  as  received:     Proximate — 

Moisture 4.78  , 13.01 

Volatile  combustible  matter 38.06  34.77 

Fixed  Carbon 41.83  38.22 

Ash 15.33  14.00 


100.00  100.00 

Total  sulphur 6.26     5.72 

Analysis  of  air-dried  sample:  Analyoie  corrected  to  sample 

Ultimate —  as  received :     Ultimate —  , 

Hydrogen 5.12     5.64 

Carbon    61.10     55.82 

Nitrogen 1.37     1.25 

Oxygen   11.20     17.91 

Sulphur  - 5.88     5.37 

Ash 15.33     14.01 


100.00  100.00 

Calorific  value  determined  on  air-dried  sample {  Calories  6378^ 

Calorific  value  corrected  to  sample  as  received |  Calorl^  5824^ 

Calorific  value  calculated  from  ultima;te  analysis  of  air-      C  B.  T.  U.  11433 
dried  sample (Calories  6362 

Calorific  value  corrected  to  sample  as  received I2l,^',^'  J2JJ^ 

( Calories  6803 

Specific  gravity  of  air-dried  sample 1.266 

Analysis  of  ash  from  air-dried  sample. 

SIO, 23.15  per  cent 

OaO 10.83  per  cent 

MgO   1.26  per  cent 

POtO. 35.87  per  cent 

Al/), 1 19.59  per  cent 

P,0, 1.04     per  cent 

SO,    6.26     per  cent 

Undetermined  2.00     per  cent 

100.00 
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Sample  Number  21. 

Description  of  Mine. 

Operator.    English  Creek  Coal  Company,  Oskaloosa. 

Mine.  Hawkeye  mine  at  Hawkeye,  about  two  miles  east 
of  Knoxville,  Marion  county,  on  Washington  and  Kiioxville 
line  of  the  Chicago,  Rock  Island  and  Pacific  Railway. 

Sample  collected.    June  16, 1909. 

Description.  The  sample  is  from  room  5,  thirteenth 
entry  east.  The  coal  here  showed  a  face  of  six  feet,  with 
some  thin  streaks  of  sulphur  and  occasional  bowlders.  The 
mine  at  time  of  sampling  employed  125  men.  (See  Vol.  XIX, 
page  192,  Annual  Report  Iowa  Geological  Survey.) 

Discussion  of  Analytical  Results. 

This  coal  contained  a  large  amount  of  moisture  in  the  *  *  as 
received"  condition  and  lost  a  very  large  amount  of  the 
moisture  on  air-drying.  The  hydrogen  content  ifi  high  and 
oxygen  is  unusually  low.  Although  this  coal  has  a  high 
ash  content  its  thermal  value  is  above  average.  The  sulphur 
content  is  also  high. 
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Sample  Number  21. 

Per  Cent.  Per  Cent. 

Loss  of  moieture  on  air-drying 13.80 

Analysis  of  air-dried  sample:  Analysis  corrected  to  sample 

Proximate —  as  received:     Proxiijiaite — 

Moisture 4.50  17.68 

Volatile  combustible  matter 36.37  31.35 

Fixed  Carbon 44.36  38.24 

Ash 14.77  12.73 


100.00  100.00 

Total  sulphur 6.03  . 5.20 

Analysis  of  air-dried  sample:  Analysis  corrected  to  sample 

Ultimate—  as  received:     Ultimate — 

Hydrogen 5.21  6.02 

Carbon    63.42  54.67 

Nitrogen 1.21  1.05 

Oxygen    9.71  20.62 

Sulphur 5.68  4.90 

Ash 14.77  12.74 


100.00  100.00 


Calories'  6633 
(B    T    TT     10291 

Calorific  value  corrected  to  sample  as  received j  Calories  5717 

Calorific  value  calculated  from  ultimate  analysis  of  air-      C  B.  T.  U.  11932 


CB. 
|Ca 


dried  sample I  Calories  6629 

Calorific  value  corrected  to  sample  as  received j  Calories  5725 

Specific  gravity  of  air-dried  sample 1.289 

Analysis  of  ash  from  air-dried  sample. 

SiO, ^ 26.01  per  cent 

CaO 18.68  per  cent 

MgO   1.22  per  cent 

POsO, 32.84  per  cent 

A1,0,  14.03  per  cent 

PjO. .382  per  cent 

SO,    6.11  per  cent 

Undetermined .728  per  cent 

100.00 
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Sample  Number  22. 

Description  of  Mine. 

Operator.    Bennett  Brothers  Coal  Company,  Des  Moines. 

Mine.  Bennett  mine,  Des  Moines,  Polk  county,  south  side 
Raccoon  river.    No  railroad  connections. 

Sample  collected.   June  21, 1909. 

Description.  The  mine  was  sampled  at  the  end  of  the 
fourth  west  entry.  The  vein  here  measured  4  feet  6  inches. 
Its  average  thickness  is  4  feet  4  inches,  with  occasional 
portions  up  to  5  or  6  feet.  The  coal  is  clean,  without  rock 
or  sulphur  bands  and  breaks  into  angular  fragments.  The 
mine  is  125  feet  deep  and  employed  100  men  who  put  out 
100  to  300  tons  daily.  The  mine  at  time  of  sampling  had 
been  running  six  years  and  supplied  a  large  local  trade. 
(See  Vol.  XIX,  page  120,  Annual  Report  Iowa  Geological 
Survey.) 

Discussion  of  Analytical  Results. 

This  coal  is  high  in  hydrogen  and  carbon  and  as  a  result 
has  a  high  calorific  value.  The  coal  in  the  **as  received'' 
condition  was  low  in  moisture  for  an  Iowa  coal.  Much  of 
this  was  lost  on  air-drying.  The  ash  is  light  gray  in  color. 
The  iron  oxide  content  is  low.  Magnesia,  alumina,  and 
silica  are  high.  The  appearance  of  the  coal  is  good  and  the 
analyses  from  it  show  it  to  be  better  than  the  average 
Iowa  coal. 
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Sample  Number  22. 

Per  "Cent.  Per  Cent. 

Loss  of  moisture  on  air-drying 8.77 

Analysis  of  air-dried  sample:  Analysis  corrected  to  sample 

Proximate —  as  received:     Proximate — 

Moisture 4.62  12.99 

Volatile  combustible  matter 38.88  ^ 35.47 

Fixed  Carbon 44.20  40.32 

Ash 12.30  11.22 


100.00  100.00 

Total  sulphur 5.15  4.70 

Analysis  of  air-dried  sample:  Analysis  corrected  to  sample 

Ultimate —  as  received:     Ultimate — 

Hydrogen 5.32  5.83 

Carbon    64.82  __   59.14 

Nitrogen .98  .90 

Oxygen    11.68  18.42 

Sulphur 4.90  4.48 

Ash 12.30  11.23 


100.00  100.00 

Calorific  value  determined  on  air-dried  sample |  Calortes  6744^ 

Calorific  value  corrected  to  sample  as  received 1  C  lories  6147^ 

Calorific  value  calculated  from  ultimate  analysis  of  air-      j  B.  T.  U.  12020 
dried  sample (Calories  6678 

Calorific  value  corrected  to  sample  as  received 1  C  lorl^   6092^ 

Specific  gravity  of  alr-drled  sample 1.277 

Analysis  of  ash  from  alr-drled  sample. 

SiO, 26.13     per  cent 

CaO 17.04     per  cent 

MgO   2.09     per  cent 

Fe^.    26.99     per  cent 

A1,0, ' 20.66     per  cent 

PjO, .458  per  cent 

SO,    5.58     per  cent 

Undetermined  1.482  per  cent 

100.00 
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Sample  Number  28. 

Description  of  Mine. 

Operator.    Bolton-Hoover  Coal  Company,  Oskaloosa. 

Mine.  Bolton  No.  2,  Bolton,  Mahaska  county,  on  a  long 
switch  from  the  Oskaloosa  and  Tracy  line  of  the  Chicago, 
Burlington  and  Quincy  Railroad. 

Sample  collected.    June  15,  1909. 

Description.  The  sample  is  from  the  first  room  on  the 
fifth  north,  about  1,200  feet  in  from  the  mouth  of  the  slope 
and  seventy  feet  below  the  surface.  The  face  was  here  5 
feet  3  inches  in  height.  It  showed  a  few  thin  sulphur  streaks, 
some  up  to  V/2  inches  in  thickness,  and  a  few  bowlders.  The 
mine  at  time  of  sampling  had  a  daily  capacity  of  400  tons. 
The  coal  is  hauled  out  of  the  mine  and  overland  to  the  top 
works,  about  1,200  feet  distant,  by  rope.  The  top  works 
are  located  on  the  railroad  at  the  old  slope.  The  haulage 
engine  is  located  here  also  and  serves  both  slopes.  The  tail 
rope  runs  on  the  surface  nearly  one-fourth  mile  beyond  the 
mouth  of  the  slope  and  enters  the  mine  through  an  old  drill 
hole/  ( See  Vol.  XIX,  page  205,  Annual  Report  Iowa  Geologi- 
cal Survey.) 

Discussion  of  Analytical  Results. 

Volatile  combustible  matter  is  high.  The  total  carbon 
content  is  unusually  high  for  an  Iowa  coal.  This  fact  largely 
accounts  for  the  high  thermal  value.  Ash  and  sulphur  are 
low.    Silica  in  the  ash  is  very  high. 
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Sample  Number  23. 

Per  Cent.  Per  Cent. 

Loss  of  moisture  on  air-drying 9.16 

Analysis  of  air-dried  sample:  Analysis  corrected  to  sample 

Proximate —  as  received:     Proximate — 

Moisture 5.48  14.14 

Volatile  combustible  matter 40.15  __»  36.48 

Fixed  Carbon  ^ 44.88  40.77 

Ash 9.49  8.61 


100.00  100.00 

Total  sulphur . 3.26  2.96 

Analysis  of  air-dried  sample:  Analysis  corrected  to  sample 

Ultimate — '■  as  received:     Ultimate — 

Hydrogen 5.30  5.82 

Carbon    67.01  60.87 

Nitrogen 1.41  1.28 

Oxygen    13.64  20.55 

Sulphur 3.15  2.86 

Ash - 9.49  8.62 


100.00  100.00 

CB.  T.  U.  12183 
Calorific  value  determined  on  air-dried  sample \  Calories  6768 

Calorific  value  corrected  to  sample  as  received <  Calorie     6145 

Calorific  value  calculated  from  ultimate  analysis  of  air-      C  B.  T.  U.  12102 
dried  sample » (Calories  6724 

Calorific  value  corrected. to  sample  as  received 12',^',^*  i??^^ 

^  (Calories   6107 

.Specific  gravity  of  air-dried  sample 1.30 

Analysis  of  ash  from  air^ried  sample. 

Sip*, 35.34  per  cent 

CaO 16.60  per  cent 

MgO   — — — : .56  per  cent 

PejOa    28.56  per  cent 

AljOs     r 14.03  per  cent 

P,Os .710  per  cent 

SO,    3.00  per  cent 

Undetermined  1.20  per  cent 

100.00 
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Sample  Number  24. 

Description  of  Mine. 

Operator.    Colfax  Consolidated  Coal  Company,  Colfax. 

Mine.  Mine  No.  8,  four  miles  southeast  of  Colfax  on  the 
Colfax  Northern  Eailway. 

Sample  collected.   June  17, 1909. 

Description.  The  sample  was  cut  from  the  end  of  the 
main  west  entry,  1,700  feet  west  from  the  shaft.  The  seam 
was  here  5  feet  7  inches  thick  and  presented  a  clean  face 
except  for  a  half  inch  sulphur  band  one  foot  from  the  bot- 
tom. 

The  shaft  is  164  feet  deep  and  penetrates  the  ** first  vein,'* 
one  or  two  feet  thick,  eighty  feet  from  the  surface.  The 
mine  employed  400  men  at  time  of  sampling  and  had  an  out- 
put of  800  to  900  tons  per  day.  (See  Vol.  XIX,  page  159, 
Annual  Eeport  Iowa  Geological  Survey.) 

Discussion  of  Analytical  Results. 

This  coal  in  the  **as  received*'  condition  contained  a  large 
amount  of  moisture.  Air-drying  removed  much  of  this.  The 
sulphur  content  is  quite  low  for  an  Iowa  coal  and  but  little 
of  this  constituent  went  into  the  ash.  The  oxygen  content 
is  above  the  average.  The  ash  is  dark  buff  in  color  and  high 
in  iron  oxide.    The  thermal  value  is  a  little  below  average. 


CHEMICAL  ANALYSES  733 

Sample  Number  24. 

Per  Cent.  Per  Cent. 

Loss  of  moisture  on  air-drying 12.68 

Analysis  of  air-dried  sample:  Analyfrie  corrected  to  sample 

Proximate —  as  received:     Proximate — 

Moisture  * - —     5.47  17.48 

Volatile  combustible  matter 39.17  34.20 

BMxed  Carbon 42.94  37.49 

Ash 12.42  10.85 


100.00  100.00 

ToUl  sulphur 3.49     3.05 

Analysis  of  air-dried  sample:  Analysde  corrected  to  sample 

Ultimate —  as  received:     Ultimate — 

Hydrogen 5.02     5.79 

Carbon    i 63.60     55.53 

Nitrogen 1.5?     1.33 

Oxygen    14.09     23.58 

Sulphur 3.34     2.92 

Ash 12.42     10.85 


100.00  100.00 

Calorific  value  determined  on  air-dried  sample _  |  c^j^^ies*  6438^ 

Calortfic  value  corrected  to  sample  as  received {caloriS  5620^ 

Calorific  value  calculated  from  ultimate  analysis  of  air-      C  B.  T.  U.  11407 
dried  sample |  Calories  6337 

Calorific  value  corrected  to  sample  as  received j  Cal^ri^    553^ 

Specific  gravity  of  air-dried  sample 1.249 

Analysis  of  ash  from  air-dried  sample. 

SiO, 21.13     per  cent 

CaO 19.27     per  cent 

MgO   1.66     per  cent 

PetOa 36.34     per  cent 

AlaOa 17.55     per  cent 

PaO, -.-  .247  per  cent 

SO,  3.12  per  cent 

Undetermined 1.883  per  cent 

100.00 
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Sample  Number  25. 

m 

Description  of  Mine. 

Operator.    Enterprise  Coal  Company,  Des  Moines. 

Mine,  Mine  No.  2,  Enterprise,  Polk  county,  on  the  St. 
Paul  and  Kansas  City  Railway. 

Sample  collected.    June  22,  1909. 

Description.  This  sample  was  cut  from  the  bteak-through 
near  the  face  of  the  second  west  entry  oflf  the  first  south 
entry.  The  coal  was  5  feet  thick  here  and  carried  a  two- 
inch  sulphur  band  one  foot  from  the  top.  Clay  slips  are 
present  in  places.  The  mine  is  considered  to  be  in  the  second 
vein  and  was  the  only  one  working  in  this  horizon  with  the 
possible  exception  of  the  Bennett  mine.  A  daily  output  of 
400  tons  is  maintained.  (See  Vol.  XIX,  page  143,  Annual 
Report  Iowa  Geological  Survey.) 

Discussion  of  Results. 

This  coal  is  characterized  by  a  high  carbon  content,  the 
highest  of  any  coal  of  this  series.  The  volatile  combustible 
matter  is  high.  Ash  is  very  low  for  an  Iowa  coal.  Total 
sulphur  is  below  average.  The  ash  is  gray  in  color  and  quite 
flaky.  Alumina  is  high.  The  calorific  value  is  the  highest 
found  in  any  Iowa  coal  examined. 
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Sample  Number  25. 

Per  Cent.  Per  Cent. 

Loss  of  moisture  on  air-drying 8.61 

Analysis  of  air-dried  sample:  Analysis  corrected  to  sample 

Proximate—                                                              as  received:     Proximate — 
Moisture 6.08     14.17 

Volatile  combustible  matter 41.01     37.48 

Fixed  Carbon 44.17     40.36 

Ash 8.74      •     7.99 


100.00  100.00 

Total  sulphur 3.79  3.46 

Analysis  of  air-dried  sample:  Analysis  corrected  to  sample 

Ultimate —  as  received:     Ultimate — 

Hydrogen 5.23  5.73 

Carbon    68.11  62.24 

Nitrogen 1.58  1.44 

Oxygen    12.78  19.35 

Sulphur 3.56  3.25 

Aah : 8.74  7.99 


100.00  100.00 

Calorific  value  determined  on  air-dried  sample j  Calories   6919^ 

Calorific  value  corrected  to  sample  as  received I  Calories  6320^ 

Calorific  value  calculated  from  ultimate  analysis  of  air-      ( B.  T.  U.  12303 
dried  sample (  Calories  6835 

Calorific  value  corrected  to  sample  as  received I5*i     *^'  ij?i^ 

*^  (Calories  6247 

Specific  gravity  of  air-dried  sample  1.301 

Analysis  of  ash  from  air-dried  sample. 

SIO, 23.12  per  cent 

CaO 17.10  per  cent 

MgO    1.86  per  cent 

FetOi    26.41  per  cent 

Al,03 . 23.30  per  cent 

PaO» .293  per  cent 

SOg    6.72  per  cent 

Undetermined  1.197  per  cent 

100.00 
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Average  Coal. 

The  data  on  the  opposite  page,  which  have  been  termed 
' '  average  coal, ' '  were .  not  obtained  by  the  analysis  of  a 
sample,  but  by  averaging  the  corresponding  values  obtained 
from  analyses  of  the  sixteen  Iowa  coals  discussed  in  the  pre- 
ceding pages. 

The  coal  dealer  is  seldom  furnished  with  analyses  of  the 
particular  coals  he  is  handling  and  about  the  only  informa- 
tion he  can  furnish  the  consumer  is  that  it  is  an  Iowa  coal. 
In  such  a  case  the  analytical  data  of  the  '*  average  coaP' 
will  be  of  value.  It  will  also  be  valuable  when  coal  from 
the  Iowa  fields  in  general  is  to  be  compared  with  that  of 
other  fields. 

A  discussion  of  the  average  Iowa  coal  is  unnecessary. 
The  data  will  speak  for  themselves. 
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Average  Coal. 

Per  Cent.  Per  Cent. 

Loss  on  air-drying 9.33 

Analysis  of  air-dried  sample:  Analysis  corrected  to  sample 

Pro3clmate —  as  received:     Proximate — 

Moisture 6.34  16.07 

Volatile  combustible  matter 37.60  34.09 

Fixed  Carbon 43.24  39.21 

Ash 12.82  11.63 


100.00  100.00 

Total  sulphur 4.67  4.52 

Analysis  of  air-dried  sample:  Analysds  corrected  to  sample 

Ultimate —  as  received:     Ultimate — • 

Hydrogen 5.07  5.64 

Carbon    63.71  57.77 

Nitrogen 1.47  1.33 

Oxygen    12.27  „^ 19.42 

Sulphur 4.66  4.23 

Ash 12.82  11.61 


100.00  100.00 

Calorific  value  determined  on  air-dried  sample j  Calories  6530 

{B    T    TT     10657 
Calorie  '  5921 

Calorific  value  calculated  from  ultimate  analysis  of  air-      C  B.  T.  U.  11650 
dried  sample (  Calories  6472 

Calorific  value  corrected  to  sample  as  received— Ic  lorl^    5865^ 

Specific  gravity  of  air-dried  sample 1.27 

Analysis  of  ash  from  air-dried  sample. 

SiO, 23.26  per  cent 

CaO 17.31  per  cent 

MgO    1.38  per  cent 

Fe,0,    31.10  per  cent 

AlaO, ^ 17.02  per  cent 

PjO. .548  per  cent 

SO.  6.00  per  cent 

Undetermined  1.372  per  cent 

100.00 
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Oeneral  Ducussion  and  Conclusion. 

Coal  is  composed  of  two  classes  of  substances,  viz.,  (1)  those 
which  have  heat  value  and  (2)  those  which  do  not.  In  the  first 
class  carbon  and  hydrogen  are  the  important  ones.  Sulphur  on 
oxidation  does  evolve  heat  but  the  amount  of  heat  contributed  by 
this  element  is  practically  negligible.  In  the  second  class  are 
ash,  moisture,  nitrogen  and  oxygen.  Of  these  moisture  and  ash 
are  the  most  important.  These  two  substances  not  only  dis- 
place their  own  weights  of  combustible  matter  but  they  absorb  a 
large  amount  of  the  heat  of  the  fuel  in  being  heated  up  to  the 
temperature  of  the  fire  box  or  furnace.  Each  per  cent  of  mois- 
ture and  ash  displaces  twenty  pounds  of  combustible  matter  per 
ton.  Both  ash  and  moisture  increase  the  cost  of  handling  the 
coal  for  the  producer  and  consumer.  If  the  ash  contains  slag- 
ging or  clinkering  constituents  the  efficiency  of  the  furnace  is  de- 
creased and  the  cost  of  handling  greatly  increased.  Sulphur 
which  was  mentioned  above  as  having  heat  value,  is  also  classed 
as  an  impurity  on  account  of  its  low  heat  value  and  its  injurious 
properties  when  coals  are  used  for  certain  purposes. 

The  physical  and  chemical  properties  of  Iowa  coals  are  dis- 
cussed under  the  following  headings : 

Moisture. — Coals  from  the  Iowa  field  before  mined  contain  a 
hijgh  percentage  of  moisture.  In  this  respect  they  are  similar 
to  many  coals  in  other  fields  of  the  mid-continental  regions, 
averaging  a  little  higher  in  this  component  than  Illinois  coals 
and  about  the  same  as  Missouri  coals.  The  loss  of  moisture  on 
air-drying  is  practically  the  same  as  that  of  Illinois  and  Mis- 
souri coals.  The  Iowa  coals  are  compared  with  those  of  Illinois 
and  Missouri  for  the  reason  that  they  must  compete  in  the  mar- 
ket with  these  coals. 

A  study  of  the  analyses  reveals  the  fact  that  the  loss  of  mois- 
ture by  air-drying  is  not  uniform  in  Iowa  coals.  This  difference, 
the  writer  believes,  is  due  to  difference  in  structure.  A  micro- 
scopic examination  was  not  made,  but  it  is  believed  that  such  an 
examination  would  reveal  differences  in  structure.    * 

Iowa  coals  as  they  exist  in  the  mine  contain  a  little  over  fifteen 
per  cent  of  moisture.    When  air-dried  they  contain  6.34  per  cent 


MOISTURE   IN   COALS  739 

of  moisture  on  the  average.  The  importance  of  allowing  the 
coal  plenty  of  time  to  air-dry  is  here  evident.  In  this  work, 
ninety-six  hours  was  the  time  allowed  for  air-drying.  The  coal 
was  crushed  much  finer  than  is  used  in  practice  and  for  that 
reason  the  loss  of  moisture  was  more  rapid  than  it  is  when  the 
coal  is  in  the  lump  sizes.  Averaging  the  moisture  content  of  the 
five  mine  samples  and  car  samples  of  the  same  Iowa  coals  ana- 
lyzed at  the  coal  testing  plant  of  the  United  States  Geological 
Survey  in  1904  ( See  Professional  Paper  No.  48,  page  151,  U.  S. 
G.  S.),  we  find  that  the  diflFerence  in  moisture  in  the  mine  sam- 
ples and  in  the  car  samples  after  shipping  to  St.  Louis  is  2.42 
per  cent.  From  extensive  studies  at  the  Coal  Testing  Plant  in 
St.  Louis  in  1904,  the  following  conclusion  was  reached:  **In 
sampling  coals  which  run  5  per  cent  or  over  in  the  mine  sample, 
the  probable  amount  of  moisture  in  the  commercial  sample  can 
be  obtained  by  multiplying  by  the  coefficient  0.915.**  (See  refer- 
ence above.)  In  other  words  the  moisture  content  of  the  com- 
mercial sample  will  average  91.5  per  cent  of  that  of  the  mine 
sample.  This  value  is  too  high  for  Iowa  coals.  The  coefficient 
of  decrease  of  moisture  from  mine  samples,  calculated  from  the 
five  Iowa  coals  referred  to  above  is  .844,  or  in  other  words  the 
moisture  content  of  the  commercial  sample  of  Iowa  coal  will 
average  about  84.4  per  cent  of  that  of  the  mine  sample. 

The  amount  of  moisture  lost  on  air-drying  after  mining  de- 
pends upon  (1)  the  fineness  of  the  coal,  (2)  atmospheric  condi- 
tions, (3)  time  that  elapses  between  mining  and  consumption,  (4) 
conditions  of  storage.  The  finer  the  coal,  within  certain  limits, 
the  more  rapid  and  greater  will  be  the  moisture  loss.  It  is 
plain  that  weather  conditions,  such  as  variations  in  temperature 
and  moisture  content  in  atmosphere,  will  aflfect  air-drying.  Other 
things  being  equal  the  sooner  the  coal  is  used  after  mining  the 
less  will  be  the  air-drying  loss.  This  is  true  only  within  certain 
time  limits.  If  coal  is  stored  immediately  after  mining,  the  rate 
at  which  air-drying  will  take  place  may  be  affected  by  the  con- 
dition of  the  bins.  A  bin  with  good  ventilation  will  naturally 
give  better  drying  conditions  than  one  with  poor  ventilation.  As 
mentioned  before,  the  structure  of  the  coal  will  undoubtedly 
have  something  to  do  with  the  rate  of  air-drying. 


740  ANALYSES  OF  IOWA  COALS 

Volatile  Combustile  Matter.— This  includes  the  volatile  matter 
of  coal  with  the  exception  of  moisture.  This  term  is  objected  to 
as  being  misleading,  for  the  reason  that  not  all  of  the  volatile 
matter  of  coal,  exclusive  of  moisture,  is  combustible.  However, 
the  term  is  in  such  general  use  in  the  coal  trade  that  it  has 
seemed  wise  to  continue  its  use. 

Iowa  coals  generally  average  quite  high  in  volatile  combustible 
matter.  The  exact  nature  of  the  volatile  constituents  has  not 
been  carefully  studied.  An  investigation  along  this  line  is  being 
planned. 

Like  most  mid-continental  and  western  coals,  a  large  portion 
of  the  volatile  matter  is  distilled  off  at  rather  low  temperatures. 
This  is  one  of  the  causes  of  a  serious  heat  loss  in  the  burning 
of  these  coals.  Many  furnaces  in  which  lowia  coals  are  burned 
are  not  properly  designed  and  as  a  result  too  often  the  fuel  is 
blamed  instead  of  the  furnace.  Better  results  would  be  obtained 
if  greater  combustion  space  or  means  of  furnishing  an  ample 
supply  of  heated  air  be  provided.  The  economic  combustion  of 
the  volatile  combustible  matter  in  these  coals  is  an  important 
factor  too  often  overlooked  or  neglected  in  furnace  design.  The 
low  efficiency  obtained  from  many  western  coals  is  often  due 
to  the  fact  that  combustible  volatile  matter  escapes  from  the  flue 
unbumed. 

Closely  associated  with  the  volatile  combustible  matter  of 
coals  is  the  smoke  nuisance  problem.  **  Visible  smoke*  consists 
of  solid  carbon  particles  and  solid  or  liquid  hydrocarbon  par- 
ticles or  tar  vapors.''  These  result  from  the  incomplete  com- 
bustion of  the  volatile  matter  of  the  fuel.  The  black  particles 
of  the  smoke  are  free  carbon  deposited  by  the  cooling  of  hot 
dissassociated  gases.  This  carbon  is  evidence  of  a  great  waste  of 
fuel.  *'Flamet  is  a  phenomenon  accompanying  the  chemical 
union  of  certain  gases,  one  of  which  is  usually  oxygen;  and  the 
incandescent  solid  particles  make  a  flame  visible.  If  some  of 
these  particles  in  the  flame  are  carbon,  formed  by  the  dissocia- 
tion of  hydrocarbons,  luminosity  results,  and  if  the  temperature 
of  these  particles  is  reduced  below  the  point  at  which  they  com- 
bine with  oxygen,  or  if  sufficient  oxygen  is  not  at  hand  to  effect 

•Bureau  of  Mines  bulletin,  No.  1,  pa^e  9.  Volatile  Matter  of  Coal. 
fBureau  of  Mines  bulletin,  No.  1,  page  9,  Volatile  Matter  of  Coal. 
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the  mdon,  they  fail  to  unite  with  oxygen,  and  pass  off  as. solid 
carbon  in  smoke/'  **The  essential  requirements  of  smokeless 
combustion  are,  therefore,  three — (1)  sufficient  combustion 
space,  (2)  sufficient  air  at  a  high  temperature,  and  (3)  suffi- 
cient thorough  mingling  of  gases  and  air — these  three  condi- 
tions to  be  adapted  to  the  type  of  fuel  and  nature  of  its  volatile 
products.  * ' 

The  property  that  many  coals  possess  to  disintegrate  and 
change  in  heat  value,  known  as  ** weathering,''  is  associated  to 
a  certain  extent  with  the  volatile  matter  of  the  coal.  Parr*  and 
Wheeler  found  that  upon  liberation  of  coal  from  the  vein  imme- 
diately an  exudation  of  hydrocarbons  began,  followed  by  an 
absorption  of  oxygen.  The  lossf  of  hydrocarbons  caused  a 
loss  in  calorific  value  averaging  about  one  per  cent  for  the  first 
week  and  three  to  three  and  five-tenths  per  cent  for  a  year, 
Iowa  coals  no  doubt  are  very  similar  to  Illinois  coals  in  this 
respect.    Weathering  will  be  further  discussed  under  sulphur. 

For  the  manufacture  of  illuminating  gas,  coals  with  high 
volatile  matter  content  are  usually  preferred.  Experience  has 
shown,  however,  that  not  only  the  percentage  of  volatile  mat- 
ter is  important,  but  also  its  composition.  Careful  studies  have 
bhown  that  the  composition  of  the  volatile  matter  of  coals  varies 
greatly.  Concerning  the  value  of  coals  in  general  for  coal  gas 
manufacture,  Fuhlweilerf  states: 

It  is  notable  that  some  of  the  newer  Western  coals  yield  con- 
siderably less  gas  than  the  Eastern  coals  having  the  same  con- 
tent of  volatile  matter.  The  ultimate  analysis  of  a  coal  does 
not  throw  very  much  light  on  its  suitability  for  the  manufacture 
of  gas,  although  certain  general  indications  may  be  derived 
from  it.  In  general,  increasing  percentages  of  hydrogen  result 
in  more  volatile  constituents,  and  high  percentages  of  oxygen 
apparently  decrease  the  yield  of  gas  and  increase  the  yield  of 
tar.  The  higher  percentages  of  nitrogen  usually  result  in  more 
ammonia.  The  presence  of  sulphur  is  to  be  avoided  as  far  as 
possible,  yet  its  manner  of  occurrence  is  important  in  determin- 
ing whether  it  will  be  volatile  and  go  off  in  the  gas  and  have  to 
be  removed,  or  whether  it  will  remain  in  the  coke.    Where  the 

•University  of  Illinois  bulletin,  No.  32. 
tUnlversity  of  Illinois  bulletin,  No.  88. 
tindust.  Chem.  for  Student  and  Mfgr- — Rosrers  &  Aubert,  page  418. 
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coke  is  to  be  used  for  the  manufacture  of  water  gas,  the  com- 
position and  fusion  point  of  the  ash  is  important,  while  in  case 
it  is  to  be  used  for  foundry  work  the  absence  of  sulphur  and 
phosphorus  is  essential. 

In  the  manufacture  of  coal  gas  four  commercial  products  are 
obtained.  They  are  coal  gas,  ammoniacal  liquor,  coal  tar  and 
coke.  The  value  of  these  products,  as  has  been  stated,  depends 
upon  the  coal  from  which  they  are  obtained.  Iowa  coals  are 
high  in  oxygen,  consequently  large  yields  of  tar  may  be  ex- 
pected. In  this  respect  they  differ  very  little  from  Illinois  and 
Missouri  coals.  The  oxygen  content  of  Eastern  coals  is  very 
much  lower.  The  hydrogen  and  nitrogen  contents  of  Iowa,  Il- 
linois and  Missouri  coals  are  about  the  same.  Sulphur  in  Iowa 
coals  is  high  and  much  of  this  substance,  as  will  be  seen  by  ex- 
amining the  analyses,  will  go  into  the  gas  and  will  have  to  be 
removed.  The  coke,  which  is  very  poor,  will  be  high  in  ash  and 
consequently  high  in  sulphur,  which  will  prevent  its  use  for 
forge  and  metallurgical  purposes. 

For  the  manufacture  of  gas  a  good  grade  of  marketable  coke 
is  essential.  In  Iowa  a  coal  for  gas  purposes  that  will  not  yield 
a  good  coke  cannot  be  used.  The  yield  of  gas  from  Iowa  coaIs 
is  low  compared  with  Pennsylvania  and  West  Virginia ,  coals. 
Illinois  and  Missouri  coals  are  much  the  same  in  this  respect. 
Iowa  coals  are  not  used  for  gas  purposes  for  the  reasons  given 
above  and  the  additional  reason  that  the  ash-disposal  problem 
is  very  difficult.  The  cost  of  operation  of  a  gas  plant  using 
Iowa  coal  is  very  much  higher  than  one  using  Pennsylvania  or 
West  Virginia  coals.  Specifications  for  gas  coals  usually  call 
for  a  maximum  of  not  more  than  one  per  cent  of  sulphur.  This 
excludes  all  Iowa  coals. 

Fixed'  Carbon. — Experience  has  shown  that  in  bituminous 
and  semi-bituminous  coals  the  steam  values  are  proportional 

to  the  percentage  of  fixed  carbon.  Although  the  fixed  carbon 
evaporates  less  water  than  an  equivalent  weight  of  volatile 
combustible  matter  when  properly  burnt,  so  much  of  the  latter 
is  lost  through  careless  firing  and  faulty  furnace  construction 
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that  the  relative  steam  value  of  a  coal  may  be  approximated  by 
assmning  the  fixed  carbon  to  be  the  only  useful  constituent. 
For  steam  tests  of  Iowa  coals  see  Vol.  XIX,  pages  417-458, 
Annual  Eeport  Iowa  Geol.  Surv.  Usually  the  fixed  carbon 
is  the  principal  constituent  of  the  coke  produced  by  the  destruc- 
tive distillation  of  the  coal.  Coke  produced  from  Iowa  coals 
has  little  value.  It  has  little  strength  and  is  high  in  ash  and 
sulphur. 

Ash. — ^lowa  coals  are  high  in  ash.  This  is  the  most  detri- 
mental of  the  inert  constituents.  From  each  ton  of  coal  burned 
from  200  to  300  pounds  of  ash  are  produced.  When  the  fact  that 
the  ash  is  quite  fusible  under  certain  conditions  is  taken  into 
consideration  the  ash  problem  is  more  serious.  The  labor 
charge,  in  a  power  plant  burning  Iowa  coal,  against  handling 
the  ash,  is  high. 

The  fact  that  Iowa  coals  clinker  and  slag  is  due  very  largely 
to  the  high  iron  content.  An  examination  of  the  analyses  of 
Iowa  coals  reveals  a  high  ash  content.  Further  examination 
shows  that  the  iron  content  in  the  ash  is  high.  The  ash  analysis 
shows  the  iron  to  be  present  as  ferric  oxide.  The  fact  is  that 
much  of  the  iron  is  present  in  the  coals  as  pyrite  (FeS2). 

When  the  furnace  temperature  approaches  low  redness  the 
pyrite  breaks  up  as  follows : 

FeS2+heat=FeS+S.    • 

Oxygen  from  the  air  then  reacts  with  the  sulphur 
(S+20=S02)  to  form  sulphur  dioxide.  It  will  also  react  with 
FeS  to  form  ferrous  oxide  (FeO)  and  sulphur  dioxide  (SO2). 
The  equation  is  FeS+30=-FeO+S02.  If  the  temperature  of  the 
furnace  does  not  get  too  high  the  ferrous  oxide  will  go  over  to 
ferric  oxide. 

2FeO+0=Fe208. 
If  the  iron  stays  in  the  form  of  ferric  oxide  little  or  no  slag- 
ging or  clinkering  will  take  place.  In  the  case  where  the  fur- 
nace temperature  is  high,  the  ferrous  oxide  will  react  with  the 
silica  (Si02)  to  form  a  ferrous  silicate.  The  silicate  formed 
will  depend  upon  the  temperature  and  the  amount  of  constit- 
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uents  present.    The  following  reactions  take  place  when  firing 
is  pushed: 

FeO    +    SiO^  =  FeSiOs 

Ferrous  oxide      silica       ferrous  silicate 

2FeO    +    SiO,  =  Fe^SiO^ 

Ferrous  oxide      silica       ferrous  silicate 

Both  of  these  silicates  have  comparatively  low  formation  tem- 
peratures, and  these  temperatures  are  readily  obtained  in  fur- 
nace or  boiler  firing.  The  above  silicates  at  their  formation 
temperatures  are  sticky  viscous  masses  which  when  cooled  are 
clinkers.  If  the  temperature  is  raised  above  the  formation  tem- 
perature of  these  silicates  the  mass  will  fuse  and  run  through 
the  grates,  forming  when  cool,  either  a  glassy  or  stony  slag.  If 
the  temperature  is  high  enough,  as  is  often  the  case,  the  ferrous 
sulphide  (FeS)  mentioned  above  will  fuse  and  cause  clinkering. 
In  the  presence  of  carbon  (C)  at  temperatures  above  1000  de- 
grees C  ferric  oxide  will  be  reduced  to  ferrous  oxide,  which  will 
then  react  with  silica  to  form  a  slag.  The  formation  temper- 
atures of  calcium  and  aluminum  silicates  are  very  high,  but  in 
some  cases  calcium  silicate  will  be  formed  and  clinkering  will 
result.    The  reaction  is 

CaO+SiO.   =    CaSiOs 

Lime      Silica      Calcium  silicate 

In  most  cases  the  lime  and  alumina  will  dissolve  in  the  fer- 
rous silica  to  form  a  complex  slag. 

If  Iowa  coals  are  to  be  used  for  the  manufacture  of  producer 
gas,  it  is  probable  that  the  slagging  type  of  gas  producer  will 
work  well.  At  any  rate  this  method  of  getting  rid  of  the  ash 
seems  feasible. 

Few  gas-producer  tests  have  been  made  on  Iowa  coals.  Those 
which  have  been  made  indicate  that  a  much  higher  fuel  eflS- 
ciency  can  be  obtained  by  using  the  coal  in  a  producer  plant. 
One  test  made  ***showed  that  to  produce  one  electrical  horse- 
power hour  with  this  coal  in  the  producer  required  1.73  pounds 
of  dry  coal,  whereas  under  the  steam  boiler  it  required  4.95 
pounds  to  produce  the  same  result,  a  gain  in  efiBciency  for  the 
producer  of  186  per  cent.    As  this  coal  ran  nearly  17  per  cent 

•Vol.  XIX,  pa^e  411,  Annual  Report  Iowa  Geol.  Surv. 
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of  ash  in  the  car  sample,  the  great  advantage  of  using  it  in  the 
producer  plant  will  be  apparent,  and  these  results  seem  to  open 
the  way  to  a  much  better  utilization  of  Iowa  coals.  *  * 

No  thorough  washing  tests  of  Iowa  coals  have  been  made. 
The  writer  believes  that  thorough  experiments  along  this  line 
would  give  valuable  results.  Much  of  the  ash  and  sulphur  con- 
tent could  no  doubt  be  removed  and  the  value  of  the  coal  thereby 
be  greatly  increased. 

Sulphur. — Iowa  coals  are  noted  for  their  high  sulphur  con- 
tent. This  constituent  renders  them  practically  valueless  at 
the  present  time  for  the  manufacture  of  gas.  Iron  and  sulphur 
at  a  temperature  above  low  red  heat  react  to  form  FeS.  This 
is  the  principal  cause  of  the  corrosion  of  grates  and  fire  boxes 
when  coals  high  in  sulphur  are  burned.  Not  all  of  the  sulphur 
in  Iowa  coals  is  present  as  FeS2.  Some  of  it  is  present  as  cal- 
cium sulphate  (CaSOi),  magnesium  sulphate  (Mg»S04),  and  as 
organic  sulphur.  The  sulphate  sulphur  does  little  damage,  and 
unless  very  high  temperatures  are  reached,  goes  into  the  ash. 

Deterioration  and  spontaneous  heating  of  coal  in  storage  is 
thought  by  some  authorities  to  be  due  to  a  large  extent  to  the 
oxidation  of  pyrite.  Other  authorities  attribute  spontaneous 
combustion  to  oxidation  of  the  available  hydrogen  and  a  small 
part  of  the  carbon  by  occluded  oxygen.  This  causes  an  evolu- 
tion of  heat.  When  the  sulphur  of  the  pyrite  (FeS2)  oxidizes, 
heat  is  also  given  up.  If  the  coal  is  fine  and  the  pile  is  large, 
there  is  little  chance  for  the  heat  so  generated  to  escape.  The 
temperature  leaving  been  raised  the  velocity  of  the  oxidation  of 
the  sulphur,  hydrogen  and  carbon  increases  and  a  correspond- 
ingly large  amount  of  heat  is  evolved.  The  increase  in  temper- 
ature followed  by  increased  velocity  of  reaction  takes  place  un- 
til the  ignition  temperatur.e  of  the  coal  is  reached.  The  rise  in 
temperature  causes  an  increased  amount  of  volatile  matter  to 
be  distilled  off.  Unless  this  volatile  matter  can  escape,  it  will 
ignite  and  bum.  A  certain  amount  of  moisture  seems  to  aid  in 
spontaneous  combustion.  Lump  sizes  are  not  as  liable  to  ig- 
nite by  spontaneous  combustion  as  finer  coal.    The  larger  the 
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pile  <and  the  poorer  the  ventilation,  the  greater  is  the  tendency 
\o  ignite^  by  spontaneous  combustion. 

Storing  large  amounts  of  fine  coal  in  large  piles  is  not  to  be 
recommended.  Storing  under  water  will  prevent  spontaneous 
combustion  and  the  disintegration  of  the  coal.  However,  the 
storage  of  coal  in  larger  sized  lumps  than  is  to  be  used  will  over- 
come the  difficulties  of  spontaneous  combustion  to  a  great  ex- 
tent. The  storing  of  Iowa  coal  in  large  lumps  for  a  very  long 
time  is  not  recommended,  for  the  reason  that  disintegration 
takes  place  due  to  the  taking  up  of  oxygen,  part  of  which  oxi- 
dizes the  available  hydrogen  and  a  little  carbon,  as  has  been 
stated  before.  In  time  the  coals  will  almost  completely  slack. 
Then  the  danger  of  spontaneous  combustion  is  great.  This  dan- 
ger is  not  greater  in  Iowa  coals  than  in  many  Illinois  and  Mis- 
souri coals.  There  is  a  great  deal  of  difference  of  opinion  con- 
cerning the  factors  that  are  most  important  in  spontaneous 
combustion.  An  excellent  summary  of  the  opinions  of  many  in- 
vestigators is  given  in  Illinois  University  Bulletin  No.  46,  en- 
titled, ''The  Spontaneous  Combustion  of  Coals,'*  by  Parr  and 
Kressman. 

Summary. — Iowa  coals  on  account  of  their  high  ash  and  mois- 
ture contents  have  correspondingly  low  heat  value.  Their  high 
sulphur  content  excludes  them  from  the  manufacture  of  coal 
or  water  gas,  and  renders  them  destructive  to  grates  and  fire 
boxes.  Their  tendency  to  disintegrate  by  weathermg  prevents 
their  being  stored  for  a  great  length  of  time.  The  experimental 
evidence  at  hand  indicates  that  from  100  to  150  per  cent  greater 
efficiency  can  be  obtained  by  the  manufacture  of  producer  gas. 
This  method  of  use  should  create  a  preference  for  Iowa  coal  for 
steaming  purposes  in  Iowa.  Washing  will  undoubtedly  increase 
the  value  of  Iowa  coals  by  removing  much  of  the  ash  and  sul- 
phur content.  Whether  this  can  be  done  economically  has  not 
been  demonstrated,  but  it  is  thought  that  an  experiment  on  an 
industrial  scale  would  yield  favorable  results.  The  use  of  Iowa 
coal  at  the  present  time  is  confined  to  steam  and  household  use 
in  the  immediate  vicinity  of  the  mines.  The  use  of  Iowa  coals 
for  power  purposes  is  discussed  in  Bulletin  No.  29,  of  the  En- 
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gineering  Experiment  Station  of  Iowa  State  College  at  Ames. 
Iowa  coals  are  of  little  value  for  the  manufacture  of  coke  on 
account  of  their  high  sulphur  content  and  low  crushing  strength. 
Iowa  cojils  compare  favorably  with  those  of  Northern  Illinois 
and  Missouri. 

Purchase  Of  Coal  Under  Spedflcation. 

The  purchase  of  coal  under  specification  depending  on  the 
heating  value  of  the  coal,  its  content  of  ash. and  of  moisture, 
rather  than  upon  the  reputation  of  the  coal  dealer  or  the  trade 
name  of  the  coal,  is  recommended.  The  United  States  GoVem- 
ment  has  been  purchasing  coal  for  a  number  of  years  under  .spec- 
ification with  great  profit.  The  specifications  used  are  quoted 
below  and  may  be  adapted,  by  the  Iowa  coal  consumer  and 
dealer,  to  Iowa  coals.  Only  that  part  of  the  specification  which 
deals  with  Bituminous  coal  is  given.  For  complete  specifications 
for  different  types  of  coal,  consult  Bureau  of  Mines  Bulletin, 
No.  63,  entitled,  ''Sampling  Coal  Deliveries  and  Types  of  Gov- 
ernment Specifications  for  the  Purchase  of  Coal,"  by  George 
S.Pope.  ' 

Specifications  and  proposals  for  bituminous  coal  for  steam  power  plants. 

I.    Proposals. 

1.  Sealed  proposals,  in  duplicate,  to  furnish  the  quantities  of 
coal  specified  in  the  schedule  herewith,  required  for  the  use  of 
(the  name  of  the  department,  bureau,  or  institution)  for  the 
fiscal  year  ending  June  30,  19 . . ,  will  be  received  until  2  o  'clock 

p.  m'., ' 19 . . ,  at  the  office 

of '. and  then  opened. 

2.  Each  bidder  shall  have  the  right  to  be  present  either  in 
person  or  by  attorney  when  the  bids  are  opened. 

n.    Address  of  Proposals. 

3.  Proposals,  in  duplicate,  must  be  forwarded  to 

,  postage  prepaid. 

Addressed  envelope  for  mailing  is  inclosed  herewith. 
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m.    Pi^posal»— Guaranty. 

4.  Signature,    Proposals  must  be  made  in  duplicate  on  the 

form  furnished  by , 

and  must  be  signed  by  the  individual,  partnership,  or  corpora- 
tion making  the  same ;  when  made  by  a  partnership,  the  name 
of  each  partner  must  be  signed.  If  made  by  a  corporation,  pro- 
posals must  be  signed  by  the  officer  thereof  authorized  to  bind  it 
by  contract,  and  be  accompanied  by  a  copy,  under  seal,  of  his 
authority  to  sign. 

5.  Cash  or  Certified  Check.  The  proposals  must  be  accom- 
panied by  cash  or  by  a  certified  check  drawn  payable  to  the  order 

of  the  Secretary  of  the ,  in 

an  amount  equal  to  2  per  cent  of  the  estimated  cost  of  the  items 
for  which  bids  are  submitted,  the  minimum  amount  in  any  case 
to  be  $10.  This  requirement  is  solely  to  guarantee,  if  an  award 
is  made  on  the  proposal,  that  within  10  days  after  notice  is  given 
that  an  award  has  been  made,  the  bidder  will  enter  into  a  con- 
tract in  accordance  with  the  terms  of  the  proposal  and  execute  a 
bond  for  the  faithful  performance  thereof,  with  good  and  suffi- 
cient sureties  as  hereinafter  required.  In  the  event  of  the  fail- 
ure of  the  bidder  to  enter  into  contract  or  execute  bond,  the  cash 
or  check  guaranty  will  be  forfeited. 

rv.    Contractor's  Bond. 

6.  Sureties.  Each  contractor  shall  be  required  to  give  a  bond, 
with  two  or  more  individual  sureties  or  one  corporate  surety 
duly  qualified  under  the  act  of  Congress  approved  August  13, 
1894,  in  which  they  shall  covenant  and  agree,  in  case  the  said 
contractor  shall  fail  to  do  or  perform  any  or  all  of  the  cove- 
nants, stipulations,  and  agreements  of  said  contract  on  the 
part  of  the  said  contractor  to  be  performed  as  therein  set  forth, 
the  said  contractor  and  his  sureties  shall  forfeit  and  pay  to 
the  United  States  of  America  any  and  all  damages  sustained 
by  the  United  States  by  reason  of  any  failure  of  the  contractor 
fully  and  faithfully  to  keep  and  perform  the  terms  and  condi- 
tions of  his  contract  to  be  recovered  in  an  action  at  law  in  the 
name  of  the  United  States  in  any  proper  court  of  competent 
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jurisdiction.  Such  sureties  (except  corporate  sureties)  shall 
justify  their  responsibility  by  aflSdavit  showing  that  they  sever- 
ally own  and  possess  property  of  the  clear  value  in  the  aggre- 
gate of  double  the  amount  of  the  above-mentioned  forfeiture 
over  and  above  all  debts  and  liabilities  and  all  property  by  law 
exempt  from  execution ;  the  aflSdavit  shall  be  sworn  to  before  a 
judge  or  a  clerk  of  a  court  of  record  or  a  United  States  attor- 
ney, who  must  certify  of  his  own  personal  knowledge  that  the 
sureties  are  sufficient  to  pay  the  full  penalty  of  the  bond. 

7.  May  he  waived.  If  the  estimated  amount  involved  in  the 
contract  does  not  exceed  the  sum  of  $200,  then  the  bond  may 
be  waived  with  the  consent  of  the  department  involved. 

V.    Reservatioiis. 

8.  Rejection  and  annulment.    The  right  will  be  reserved  by 

the  Secretary  of to  reject  any  and  all  bids,  to 

waive  technical  defects,  and  to  accept  any  part  of  any  bid  and 
reject  the  other  part,  if,  in  his  judgment,  the  interests  of  the 
Government  shall  so  require;  also  the  right  to  annul  any  con- 
tract, if,  in  his  opinion,  there  shall  be  a  failure  at  any  time  to 
perform  faithfully  any  of  its  stipulations,  or  in  case  of  a  will- 
ful attempt  to  impose  upon  the  Government  coal  inferior  to 
that  required  by  the  contract;  and  any  action  taken  in  pursu- 
ance of  this  latter  stipulation  shall  not  affect  or  impair  any 
right  or  claim  of  the  United  States  to  damages  for  the  breach 
of  any  of  the  covenants  of  the  contract  by  the  contractor.  Bid- 
ders are  cautioned  against  guaranteeing  higher  standards  of 
quality  than  can  be  maintained  in  delivered  coal  (this  applies 
more  especially  to  bituminous  coal),  as  the  Government  reserves 
the  right  to  reject  any  and  all  bids  if  the  analyses  and  test  re- 
sults which  the  Government  may  have  on  record  indicate  that 
higher  standards  have  been  offered  than  can  probably  be  main- 
tained. 

9.  Estimated  quantity.  The  estimated  quantity  of  coal  to  be 
purchased  will  be  based  upon  the  previous  annual  consumption, 
but  the  right  will  be  reserved  to  order  a  greater  or  less  quantity, 
subject  to  the  actual  requirements  of  the  service. 
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10.  Tests.  The  right  will  be  reserved  by  the  Government 
to  purchase,  for  the  purpose  of  making  boiler  tests,  other  coal 
than  that  herein  contracted  for,  provided  the  ain!onnt  so  pur- 
chased does  not  exceed  five  per  cent  (5  per  cent)  of  the  coal 
used  at  the  plant  during  the  period  covered  by  this  agreement. 

11.  Lowest  bids  may  not  be  considered.  If  it  should  appear 
to  the  best  interests  of  the  Government  to  do  so,  the  right  is 
reserved  to  award  the  contract  for  supplying  coal  at  a  price 
higher  than  that  named  in  a  lower  bid  or  in  lower  bids,  on  the 
basis  of  the  quality  of  the  coal  offered. 

12.  Faihire  to  contract.  If  the  bidder  to  whom  the  award 
is  made  should  fail  to  enter  into  a  contract  as  herein  provided, 
then  the  award  may  be  annulled  and  the  contract  let  to  the  next 
most  desirable  bidder  without  further  advertisement,  and  such 
bidder  shall  be  required  to  fulfill  every  stipulation  expressed 
herein,  as  if  he  were  the  original  party  to  whom  the  contract 
was  awarded. 

13.  Contracts  non-transferable.  No  contract  can  be  law- 
fully assigned. 

14.  DefaiUt,  No  proposal  will  be  considered  from  any  per- 
son, firm,  or  corporation  in  default  of  the  performance  of  any 
contract  or  agreement  made  with  the  United  States,  or  con- 
clusively shown  to  have  failed  to  perform  satisfactorily  such 
contract  or  agreement. 

VI.    l>escrlptlon  of  Coals  Desired. 

15.  Coal  desired.  Bids  are  desired  on  coal  as  specified  be- 
low: 


The  coal  must  be  a 
good  steam 


coking 
noncoking 


,  bitu- 


run-of-mine 

slack 

lump  (give  size) 

minous  coal,  free  from  bone,  slate,  dirt,  and  excessive  dust,  and 
adapted  for  successful  use  in  the  particular  furnace,  equipment 
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16.  Lowest  qvMity  acceptable.  Bituminous  coal  that  shows 
on  analysis  a  quality  lower  than  that  indicated  below  will  not 
be  considered:* 

Moisture  in  ' '  delivered  coal '  * per  cent 

Ash  in  **dry  coal'* per  cent 

Volatile  matter  in  '  *  dry  coal " per  cent 

Sulphur    ( separately    determined ) 
in  *'dry  coal" per  cent 

British  thermal  units  in  * '  dry  coal ' ' 
below 

17.  Information  to  he  supplied  by  bidder.  Bidders  are  re- 
quired to  specify  the  coal  offered  in  terms  of  moisture,  "as  re- 
ceived''; ash,  volatile  matter,  sulphur,  and  British  thermal 
units,  **dry  coal";  which  values  become  the  standards  for  the 
coal  of  the  successful  bidder.  In  addition,  the  bidders  are  re- 
quired to  give  the  name  and  location  of  the  mine  producing  the 
coal,  the  name  or  other  designation  of  the  coal  bed,  name  of 
operator  of  mine,  and  the  trade  name  of  the  coal.  This  informa- 
tion to  be  furnished  in  spaces  provided  under  section  57  (A). 

Vn.    Award. 

21.  Considerations.  Bids  will  be  considered  on  each  item  sep- 
arately; and  in  determining  the  award  of  the  contract  consider- 
ation will  be  given  to  the  quality  of  the  coal  (expressed  in  terms 
of  ash  in  **dry  coal,"  of  moisture  in  coal  *'as  received,"  and  of 
British  thermal  units  in  "dry  coal")  offered  by  the  respective 
bidders,  to  the  operating  results  obtained  with  the  coals  on  pre- 
vious Government  contracts,  as  well  as  to  the  price  per  ton. 

22.  Method  of  comparing  bids.  In  order  to  compare  bids  as 
to  the  quality  of  the  coal  offered,  all  proposals  will  be  adjusted 
to  a  common  basis.  The  method  used  will  be  to  merge  all  four 
variables — ash,  moisture,  caloriiBc  value,  and  price  bid  per  ton — 
into  one  figure,  the  cost  of  1,000,000  British  thermal  units,  so 
that  one  bid  may  readily  be  compared  with  another.  The  pro- 
cedure under  this  method  will  be  as  follows : 

*The  percentagres  and  the  heating  value  to  he  filled  in  by  the  office  inviting: 

bids.    .  ...  r 
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(a)  All  bids  will  be  adjusted  to  the  same  ash  percentage  by  se- 
lecting as  the  standard  the  proposal  that  offers  coal  containing 
the  highest  percentage  of  ash.  Each  1  per  cent  of  ash  content 
below  that  of  this  standard  will  be  assumed  to  have  a  positive 
value  of  2  cents  per  ton,  and  the  price  will  be  accordingly  in- 
creased 2  cents,  the  amount  of  premium  that  is  allowed  under 
the  contract  for  1  per  cent  less  ash  than  the  standard  established 
in  the  contract.  Tractions  of  a  per  cent  will  be  given  propor- 
tional values.  The  adjusted  bids  will  be  figured  to  the  nearest 
tenth  of  a  cent. 

(6)  To  reduce  bids  to  a  common  basis  with  respect  to  the  mois- 
ture in  the  coal  offered,  the  price  quoted,  adjusted  in  accordance 
with  the  above,  will  be  divided  by  the  difference  between  100 
per  cent  and  the  per  cent  of  moisture  guaranteed  in  the  pro- 
posal. The  adjusted  bids  will  be  figured  to  the  nearest  tenth  of 
a  cent. 

(c)  On  the  basis  of  the  adjusted  price,  allowance  will  then  be 
made  for  the  varying  heat  values  by  computing  the  cost  of 
1,000,000  British  thermal  units  for  each  coal  offered.  This  de- 
termination will  be  made  by  multiplying  the  adjusted  price  per 
ton  by  1,000,000  and  dividing  the  result  by  the  product  of  2,240, 
multiplied  by  the  number  of  British  thermal  units  guaranteed. 

23.  Service  results  and  test.  If  from  practical  service  experi- 
ence or  by  test  any  of  the  coals  have  in  the  past  proved  un- 
suited  for  the  furnace  and  boiler  equipment,  or  have  failed  to 
meet  the  requirements  of  the  city  smoke  ordinances,  the  bids 
thereon  may  be  eliminated  from  further  consideration,  regard- 
less of  their  calculated  costs  per  million  B.  t.  u.  The  selection 
of  the  lowest  bid  of  the  remaining  bids  on  the  basis,  of  the  cost 
per  million  B.  t.  u.  will  be  considered  as  a  tentative  award  only, 
the  Government  reserving  the  right  to  have  practical  service 
test  or  tests  made  under  the  direction  of  the  Bureau  of  Mines,  the 
results  to  determine  the  final  award  of  contract.  The  interested 
bidder  or  his  authorized  representatives  may  be  present  at 
such  test. 

25.  Service  test.  Before  making  final  award  of  contract, 
practical  service  tests,  under  the  direction  of  the  Bureau  of 
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Mines,  will  be  made  of  selected  coals  to  determine  the  suitability 
and  adaptability  of  the  coals  for  the  particular  furnace  and 
boiler  equipment  concerned.  The  interested  bidders  or  their 
authorized  representatives  may  be  present  at  such  tests.  Samples 
will  be  collected  from  the  coals  tested,  and  complete  analyses  and 
calorimetric  determinations  will  be  made,  as  well  as  determina- 
tions of  the  fusing  temperature  of  the  coal  ash. 

26.  Test  results  part  of  contract.  The  results  of  the  service 
test  of  the  coal  that  proves  a  satisfactory  fuel  and  the  results  of 
the  analyses  and  tests  of  the  samples  of  that  coal  will  become 
a  part  of  the  contract  establishing  the  standard  of  the  coal  of- 
fered by  the  bidder  to  whom  the  final  award  is  made.  The  re- 
sults become  the  basis  for  determining  rejectable  coal  during  the 
life  of  the  contract. 

Vni.    DeUvery. 

a 

27.  Quantity.  The  coal  shall  be  delivered  in  such  quantities 
at  such  times  as  the  Government  may  direct. 

28.  Rapidity.  All  the  available  storage  capacity  of  the  Gov- 
ernment coal  bunkers  will  be  placed  at  the  disposal  of  the  con- 
tractor to  facilitate  delivery  of  coal  under  favorable  conditions. 
When  an  order  is  issued  for  coal,  the  contractor  upon  commenc- 
ing a  delivery  on  that  order  shall  continue  the  delivery  with  such 
rapidity  as  not  to  waste  unduly  the  services  of  the  Government 
inspector.  Information  is  furnished  in  the  schedule  herewith 
in  relation  to  the  several  places,  etc.,  for  the  delivery  of  coal,  but 
the  bidder  is  invited  to  visit  those  places  and  inspect  the  condi- 
tions for  his  own  information. 

29.  Notices.  After  verbal  or  written  notice  has  been  given  to 
deliver  coal  under  this  contract,  a  second  notice  may  be  served 
in  writing  upon  the  contractor  to  make  delivery  of  the  coal  so 
ordered  within  24  hours  after  receipt  of  said  second  notice. 
Should  the  contractor,  for  any  reason,  fail  to  comply  with  the 
second  request,  the  Government  will  be  at  liberty  to  buy  coal 
in  the  open  market  and  for  coal  so  purchased  to  charge  against 

48 
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the  contractor  and  his  sureties  any  excess  in  price  over  the  con- 
tract price. 

30.  Hours.  The  contractor  will  be  allowed  to  deliver  coal 
during  the  usual  hours  of  teaming,  that  is,  between  8  a.  m.  and 
5  p.  m. 

31.  Weighing.  The  coal  will  be  weighed  by  representatives 
of  the  Government  without  expense  to  the  contractor. 

IX.    Sampling. 

32.  Imperative  for  bituminous  coal.  As  payment  for  bitumi- 
nous coal  is  based  upon  the  quality  of  coal  delivered  as  shown 
by  analyses  of  representative  samples,  it  is  imperative  that  sam- 
ples representing  every  order  of  coal  be  taken  and  that  the 
proper  official  of  the  Government  buildings  see  that  such  sam- 
ples are  obtained.  The  Bureau  of  Mines  will  have  general  direc- 
tion of  sampling,  giving  instructions  in  the  methods  of  obtain- 
ing representative  samples,  and  lending  all  practicable  assist- 
ance. 

33.  Contractor  may  be  present.  If  desired  by  the  coal  con- 
tractor, permission  will  be  given  to  him  or  his  representative  to 
be  present  and  witness  the  collection  and  preparation  of  the 
samples  to  be  forwarded  to  the  Government  laboratories. 

34.  During  unloading.  The  coal  will  be  sampled  at  the  time  it 
is  being  loaded  or  unloaded  from  railroad  cars,  ships,  barges  or 
wagons,  or  when  discharged  from  contractors'  supply  bins,  ex- 
cept as  provided  for  in  section  27  of  the  specifications  for  an- 
thracite broken,  egg,  stove,  and  chestnut. 

35.  Size  of  increments.  When  the  coal  is  being  unloaded,  a 
shovel  or  specially  designed  tool  will  be  used  for  taking  portions 
or  increments  of  10  to  30  pounds  of  coal.  For  slack  or  small 
sizes  of  anthracite  increments  as  small  as  5  to  10  pounds  may  be 
taken.  The  size  of  the  increments  depends  on  the  size  and  weight 
of  the  largest  pieces  of  coal  and  impurities. 

36.  Collection  of  gross  sample.  The  increments  will  be  reg- 
ularly and  systematically  collected,  so  that  the  entire  delivery 
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will  be  represented  proportionately  in  the  gross  sample.  The 
frequency  of  collecting  the  increments  should  be  regulated  so 
that  a  gross  sample  of  not  less  than  1,000  pounds  will  be  col- 
lected. If  the  coal  contains  an  unusual  amount  of  impurities, 
such  as  slate,  and  if  the  pieces  of  such  impurities  are  very  large^ 
it  will  be  necessary  to  collect  gross  samples  of  even  1,500  pounds 
or  more.  For  slack  coal  and  for  small  sizes  of  anthracite,  if  the 
impurities  do  not  exist  in  abnormal  quantities  or  in  pieces  larger 
than  three-quarters  of  an  inch,  a  gross  sample  of  approximately 
600  pounds  may  prove  suflScient.  The  gross  sample  should  con- 
tain the  same  proportion  of  lump  coal,  fine  coal,  and  impurities 
as  is  contained  in  the  coal  delivered.  As  the  increments  are  col- 
lected, they  will  be  deposited  in  a  receptacle  having  a  tight-fitting 
lid  and  provided  with  a  lock. 

37.  Preparation  of  gross  sample.  After  the  gross  sample  is 
collected,  it  will  be  systematically  crushed,  mixed,  and  reduced 
in  quantity  to  convenient  size  for  transmittal  to  the  laboratory. 
The  crushing  will  be  done  by  a  mechanical  crusher  or  by  hand 
with  an  iron  tamping  bar  on  a  smooth  and  solid  floor.  In  the 
absence  of  a  smooth,  tight  floor,  the  crushing  may  be  done  on  a 
heavy  canvas,  to  prevent  the  accidental  admixture  of  any  foreign 
matter.  The  mixing  and  reduction  will  be  done  by  hand  with  a 
shovel,  or  mechanically  by  means  of  riflSes  or  sampling  machines. 

38.  Hand  preparation.  When  prepared  by  hand  the  pieces  of 
coal  and  impurities  will  be  crushed  to  the  approximate  size  in- 
dicated in  the  table  below  before  each  reduction : 


Weight  of  sample  to  be  dlyided 


Size  to 
which  coal' 
and  im- 
parities 
should  be 
broken  be- 
fore each 
division 


1,000  pounds  or  more 

500  pounds 

250  pounds 

125  pounds 

60  pounds  


1  Inch 
I  Inch 
i  Inch 
I  inch 
k  inch 
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The  60-pouiid  sample  will  then  be  reduced  by  quartering,  or  by 
the  use  of  riffles  or  sampling  machines,  to  the  desired  quantity 
for  transmittal  to  the  laboratory. 

39.  Mixing  and  reduction  by  '^alternate  shovelfuls  J'  After 
each  crushing,  the  sample  will  be  thoroughly  mixed  before  re- 
duction in  quantity,  the  procedure  being  as  follows : 

The  crushed  coal  will  be  shoveled  into  a  conical  pile.  A  new 
long  pile  will  then  be  formed  by  taking  a  shovelful  at  a  time  and 
spreading  it  out  in  a  straight  line  (8  to  10  feet  long  for  a  shovel 
holding  15  pounds).  Each  new  shovelful  will  be  spread  over  the 
top  of  the  preceding  one,  beginning  at  opposite  ends,  and  so  on, 
until  all  the  coal  has  been  formed  into  one  long  pile.  By  walking 
around  the  long  pile  and  systematically  taking  shovelfuls,  and 
shoveling  the  coal  to  one  side,  alternate  shovelfuls  being  dis- 
carded, the  sample  will  be  halved  in  quantity. 

40.  Mixing  and  reduction  by  '' quartering."  The  above  ** long- 
pile*'  and  ''alternate-shovel"  method  of  mixing  and  reducing 
the  sample  will  be  followed  with  samples  of  125  to  250  pounds 
or  more.  Samples  smaller  will  be  mixed  on  a  canvas  about  8 
feet  square  by  raising  first  one  end  of  the  canvas  and  then  the 
other,  thereby  rolling  the  sample  back  and  forth.  After  thor- 
oughly mixing  in  this  manner,  the  sample  will  be  formed  in  a 
conical  pile  and  reduced  in  quantity  by  quartering. 

41.  Crushing  of  increments.  Whenever  the  different  incre- 
ments of  samples  are  collected  throughout  some  considerable 
period  of  time,  each  increment  may  be  crushed  as  soon  as  taken 
and  the  pieces  of  coal  and  impurities  broken  sufficiently  small 
to  permit  two  or  three  reductions  of  the  total  accumulated  sam- 
ple before  further  crushing  is  necessary. 

42.  Special  moisture  sample.  In  the  reduction  of  the  gross 
sample  to  the  sample  for  transmittal  to  the  laboratory  the  gross 
sample  will  unavoidably  lose  moisture.  To  determine  the  mois- 
ture content  in  the  coal  delivered,  a  separate  special  moisture 
sample  must  be  taken.  This  will  be  accumulated  by  placing  in 
a  hermetically  sealed  receptacle  small  parts  of  the  freshly  taken 
increments  of  the  gross  sample. 
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43.  Moisture  samples  discretionary.  The  collection  of  spe- 
cial moisture  samples  shall  be  discretionary  with  the  Govern- 
ment. Special  moisture  samples  will  be  taken  if  in  the  opinion 
of  the  Government  inspector  the  coal  contains  moisture  in  ex- 
cess of  the  amount  guaranteed  by  the  contractor.  The  special 
moisture  samples  will  be  taken  so  as  to  represent  the  coal  with 
respect  to  the  moisture  contained  at  time  of  weighing. 

44.  Extended  deliveries.  If  deliveries  extend  over  any  consid- 
erable period,  what  would  otherwise  be  a  gross  sample  may  be 
worked  down  in  successive  stages  to  samples  of  a  size  suitable 
for  transmittal  to  the  laboratory,  and  the  samples  representing 
the  several  equal  parts  of  a  delivery  may  be  analyzed  and  the 
several  analyses  averaged,  or  the  several  samples  may  later  be 
mixed  (at  the  delivery  point  or  in  the  laboratory  and  reduced 
to  one  sample)  and  one  analysis  made. 

X.    Analysis. 

45.  Immediately  on  receipt  of  a  sample  in  the  laboratory  it 
will  be  analyzed  and  tested  by  the  Government  in  accordance 
with  the  method  recommended  by  the  American  Chemical  So- 
ciety, and  by  the  use  of  a  bomb  calorimeter. 

XI.    Causes  for  Rejection. 

46.  Character.  All  coal  delivered  during  a  fiscal  year  is  ex- 
pected to  be  of  the  same  character  as  that  specified  by  the  con- 
tractor. It  should,  therefore,  be  supplied  as  nearly  as  possible 
from  the  same  mine  or  group  of  mines. 

47.  Quality.  It  is  important  that  the  standards  furnished 
with  bids  shall  not  establish  a  higher  value  than  can  be  actually 
maintained  under  the  terms  of  the  contract.  In  this  connection 
it  should  be  recognized  that  the  small  **mine  samples**  usually 
indicate  a  coal  of  higher  economic  value  than  that  actually  de- 
livered in  carload  lots,  because  of  the  care  taken  to  separate 
extraneous  matter  from  the  coal  in  the  *'mine  samples;*'  It  is 
evident,  therefore,  that  it  will  be  to  the  best  interests  of  the  con- 
tractor to  furnish  a  correct  description  with  average  values  of 
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the  coal  offered,  as  a  failure  to  maintain  the  standard  he  estab- 
lishes will  result  in  deductions  from  the  contract  price,  and  may 
cause  a  cancellation  of  the  contract,  whereas  deliveries  of  coal 
of  higher  grade  than  quoted  will  be  paid  for  at  an  increased 
price  per  ton. 

48.  Unsatisfactory  fuel.  Coal  containing  percentages  of  vol- 
atile matter  or  sulphur  higher  than  the  limits  indicated  under 
* 'Description  of  Coals  Desired,'*  or  having  a  moisture  content 
in  excess  of  that  guaranteed,. or  containing  percentages  of  ash 
greater  than  indicated  in  the  column  * '  Maximum  limits  for  ash ' ' 
in  the  table  in  the  section  entitled  "Price  and  Payment,*'  or 
failing  to  give  satisfactory  results  because  of  excessive  clink- 
ering  or  a  prohibitive  amount  of  smoke,  or  proving  for  any  other 
cause  to  be  an  undesirable  fuel,  will  be  subject  to  rejection,  and 
the  Government  will  have  the  right  to  cause  the  contractor  to 
remove  such  coal  at  no  cost  to  the  Government.  Such  event 
may  result  in  the  Government  purchasing  in  the  open  market,  or 
through  competitive  bidding,  such  quantity  of  coal  to  supply 
the  deficiency  caused  by  such  failure,  or  annulling  the  contract 
by  giving  notice  in  writing  to  that  effect  to  the  contractor,  and 
the  Government,  in  its  discretion,  purchasing  such  coal  in  the 
open  market  or  by  contract  upon  competitive  proposals ;  the  con- 
tractor to  remain  liable  for  all  damages  sustained  by  the  United 
States  on  account  of  such  failure,  including  the  difference,  if 
any,  between  the  cost  of  purchasing  and  delivering  said  coal  and 
the  price  at  which  the  contractor  agreed  to  furnish  it.  The  con- 
tract price  must  be  understood  to  be  the  corrected  price  per  ton 
based  upon  analysis,  as  hereinafter  described  under  the  section 
entitled  "Price  and  Payment."  If  it  shall  be  impracticable  to 
cause  the  contractor  to  remove  coal  subject  to  rejection,  the 
Government  may  use  such  rejectable  coal,  deducting  penalties 
as  determined  under  the  section  entitled  * '  Price  and  Payment, ' ' 
and  may  in  addition,  as  circumstances  warrant  in  the  opinion  of 
the  Government,  deduct  a  further  penalty  of  twenty-five  (25) 
per  cent  of  the  amount  of  the  bill,  based  on  the  tonnage  of  the 
coal  under  question  and  at  the  contract  price  per  ton. 
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XH.    Plrtoe  and  Paymcni. 

52.  Prompt  payment.  Payment  will  be  made  promptiy  upon 
receipt  of  a  report  from  the  Bureau  of  Mines  on  the  quality  of 
the  coal  under  consideration.  The  Bureau  of  Mines  will  furnish 
such  report  in  not  more  than  fifteen  (15)  days  after  the  receipt 
of  the  sample  or  samples. 

53.  Determinaiion  of  price.  Payment  for  coal  specified  in  the 
proposal  will  be  made  upon  the  basis  of  the  price  therein  named, 
corrected  as  follows  for  variations  in  heating  value,  ash,  and 
moisture  from  the  standards  specified  in  the  contract  (see  sec- 
tion 48  for  an  additional  deduction  on  coal  subject  to  rejection) : 

(a)  Considering  the  coal  on  a  ** dry-coal''  basis,  no  corrections 
in  price  will  be  made  for  variations  of  2  per  cent  or  less  in  the 
number  of  British  thermal  units  from  the  guaranteed  standard. 
When  the  variation  in  heat  units  exceeds  2  per  cent  of  the  guar- 
anteed standard,  the  correction  in  price  will  be  a  proportional  one 
and  will  be  determined  by  the  following  formula : 

B.  t.  u.  deHyered  coal  ("dry-coal"  basis)  ^  ^*^  i*?''*^!'^P'^«® 

•^— YTT^ ...  .    ^  ^ ,^   .   ,     T 1 X  resulting  from  B. 

B.  t.  u.   ( "dry-coal"  basis)   specified  in  contract  ^  ^    corection. 

For  example,  if  coal  delivered  on  a  contract  guaranteeing  14,- 
000  British  thermal  units  on  a  *' dry-coal*'  basis  at  a  bid  price 
of  $3  per  ton  shows  by  calorific  test  results  varying  between 
13,720  and  14,280  British  thermal  units,  there  will  be  no  price 
correction.  If,  however,  the  delivered  coal  shows  by  calorific 
test  14,300  British  thermal  units  on  a  **dry-coaP'  basis  for  ex- 
ample, the  price  for  this  variation  from  the  contract  guarantee 
is,  by  substitution  in  the  formula: 

The  correction  will  be  figured  to  the  nearest  tenth  of  a  cent. 

(6)  For  all  coal  that  by  analysis  contains  less  ash  on  a  **dry- 
coaP'  basis  than  the  percentage  specified  herein,  a  premium  of 
2  cents  per  ton  for  each  whole  per  cent  less  will  be  paid.  An  in- 
crease in  the  ash  content  of  2  per  cent  above  the  standard  estab- 
lished by  the  contractor  will  be  tolerated  without  exacting  a 
penalty.  When  such  excess  is  greater  than  2  per  cent,  deduc- 
tions will  be  made  in  acordance  with  the  following  table : 
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As  an  example  of  the  method  for  determining  the  deduction 
in  cents  per  ton  for  coal  containing  ash  exceeding  the  standard 
by  more  than  2  per  cent,  suppose  coal  delivered  on  a  contract 
^aranteeing  10  per  cent  ash  on  the  **dry-coaP'  basis  shows  by 
analysis  between  14.01  and  15  per  cent  (both  inclusive),  or,  for 
instance,  14.55  per  cent,  the  deduction  according  to  the  table  is 
7  cents  per  ton  (reading  to  the  right  on  line  beginning  with  10 
per  cent  on  the  extreme  left,  which  in  this  case  is  the  standard, 
to  the  colunm  containing  '*  14.01-15,'*  the  deduction  at  the  top 
of  this  colunm  is  seen  to  be  7  cents). 

NOTE. — ^If  the  ash  standard  Is  an  uneven  percentagrep  the  table  will  be  revised 
in  order  to  determine  deductions  on  account  of  excessive  ash.  For  example,  if 
the  ash  standard  is  6.68  per  cent,  each  percentage  va^ue.begrinnincr  with  6  in  the 
left-hand  column  and  all  flgrures  in  the  line  reading  to  the  rigrht  of  6  will  be  in- 
creased by  0.58.  There  would  be  no  deduction  then  in  price  for  ash  in  delivered 
coal  up  to  and  includins  8.58  per  cent,  while  for  coal  having  an  ash  content,  for 
instance,  between  11.54  aiid  12.63  per  cent  the  deduction  would  be  12  cents  per 
ton. 

(c)  The  price  will  be  further  corrected  for  moisture  content 
in  excess  of  the  amount  guaranteed  by  the  contractor,  the  de- 
duction being  determined  by  multiplying  the  price  paid  by  the 

percentage  of  moisture  in  excess  of  the  amount  guaranteed.  The 
correction  will  be  figured  to  the  nearest  tenth  of  a  cent.  For 
example,  if  coal  delivered  on  a  contract  guaranteeing  3  per  cent 
moisture  with  bid  price  of  $3.50  per  ton  shows  by  analysis  4.65 
per  cent  moisture,  the  bid  price  is  multiplied  by  1.65  (the  ex- 
cess moisture),  which  gives  5.8  cents  ($0,058)  as  the  deduction 
per  ton. 

[$3.50X  (4.65— 3.00=1.65  per  cent)  =5.775  cents.] 
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•tons  (2,000, or 


Xin.     Infomiatioii  to  be  Supplied.* 

55.  Estimated  quantity  of  coal  required, 

2,240  pounds). 

56.  (The  point  of  delivery,  method  of  delivery,  capacity  and 
facilities  for  storage,  etc.,  are  here  furnished.) 

57.  The  bidder  must  insert  in  the  blank  space  below  the  in- 
formation called  for  on  the  coal  he  proposes  to  furnish,  with- 
out which  information  the  proposal  will  be  informal : 

a)  Commercial  name  of  the  coal 

6)  Name  of  the  mine  or  mines 

c)  Location  of  the  mine  or  mines  (town,  county,  state) 


d)  Eailroad  on  which  mine  is  located 

e)  Name  or  other  designation  of  the  -coal  bed  or  beds 


/)  Name  of  operator  of  mine  or  mines 

g)  British  thermal  units  per  pound  of  *'dry  coal" 

h)  Percentage  of  ash  in  '*dry  coaP' 

i)  Percentag:e  of  sulphur  in  ''dry  coaP' 

j)  Percentage  of  volatile  matter  in  ''dry  coaP' , . . . 

k)  Moisture  in  coal  "as  received". , 

I)  Additional  description  of  coal  as  deemed  of  importance  by 
bidder    


(m)  Price  per  ton  of pounds  (this  price  is  understood  to 

be  the  bid  price  per  ton,  see  section  53  for  method  of 
determining  price  for  delivered  coal) 


•Bidders  are  cautioned  against  speclfylngr  higher  standards  than  can  be  main- 
tained, for  to  do  so  may  result  in  the  bid  being  rejected  (sec.  8),  or  may  result  in 
rejection  of  delivered  coal  or  cancellation  of  the  contract  and  the  Government  pur- 
chasing coal  in  the  open  market  and  charging  against  the  contractor  the  differ- 
ence in  cost  (see  sees.  47  and  48). 
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The  Secbetaby  of  the Department  : 

The  undersigned  hereby  propose . .  to  fnmish  and  deliver  to 

the  coal  as  above  specijBied,  and 

at  the  price  stated  above,  for  the  fiscal  year  commencing  on  the 
1st  of  July, and  ending  on  the  30th  of  June, 

The  undersigned  ha . . .  read  the  specifications  and  proposal 
and  agree . .  to  comply  therewith  in  every  particular. 

Signature  of  each  member  of 
the  firm  and  firm  name.  If  a  cor- 
poration, its  name,  and  signature 
of  the  oflScer  authorized  to  sign 
for  the  corporation,  together  with 
a  copy,  under  seal  of  his  author- 
ity to  sign;  also,  the  name  of  the 
state  in  which  incorporated. 


Doing  business  under  the  firm  name  of 
Place  of  business, 


note. — Owing:  to  the  difficulty  in  declpherlnsr  sisrnatures,  a  typewritten  copy 
of  same  should  be  attached. 
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Ackley»  analyses  of  sands  from,  668 
tests  of  gravels  from,  657 

Adair  county,  sand  and  gravel  in,  55 

stone  in,  56 
Adams  county,  sand  and  gravel  in,  58 

stone  in,  59 

Afton  Junction,  gravels  near,  575,  685 

Aftonian  gravels,  54 

Akron,  gravels  near,  517 
In  Decatur  county,  210 
In  Harrison  county,  319 
In  Iowa  county,  346 
In  Louisa  county,  411 
In  Marshall  county,  450 
in  Monona  county,  471 
in  Union  county,  575 
In  Wapello  county,  588 

Albany,  analyses  of  sands  from,  666 
gravels  at,  261 
tests  of  gravels  from,  656 

Alden,  quarries  at,  316 

Algona,  Analyses  of  sand  from,  668 
tests  of  gravels  from,  657 

Allamakee  county,   abrasion   and   im- 
pact tests  of  stone  from,  650 
analyses  of  sands  from,  666 
cementation  tests  of  stone  from,  654 
mechanical  analyses  of  stone  from, 

648 
sand  and  gravel  in,  60  ' 

stone  in,  62,  672 
tests  of  gravels  from,  656 

Almont,  gravel  *at,  679 

Alta,  gravels  near,  106 

Alton,  gravel  near,  561,  684 

Ames,  analyses  of  sands  from,  668 

gravels  at,  569,  684 

tests  of  gravels  from,  658 
Amsterdam,  sand  at,  680 


Analyses  of  Iowa  coals,  687 

Analysis  of  ash  of  coal  samples,  700 
of  coal,  757 
calculations,  701 
proximate,  692 
ultimate,  696 

Analyses  of  coal  from  (pp.  704-737) 
Angus,  Greene  county,  718 
Bear  Creek,  Wapello  county,  716 
Bolton,  Mahaska  county,  730 
Colfax,  Jasper  county,  732 
Des  Moines,  Polk  county,  724,  728 
Enterprise,  Polk  county,  734 
Hawkeye,  Marion  county,  726 
High  Bridge,  Dallas  county,  720 
Hiteman,  Monroe  county,  714 
New  Market,  Taylor  county,  712 
Qgden,  Boone  county,  710 
RuUedge,  Wapello  county,  722 
Rose  Hill,  Mahaska  county,  704 
What  Cheer,  Keokuk  county,  708 
White  City,  Mahaska  county,  706 

Analyses  of  stone  from 
Andrews*  quarry,  664 
Bealer's  quarry,  129 
Carpenter  quarry,  660 
Chalk,  Plymouth  county,  518 
Dearborn  ft  Sons  quarry,  662 
Gable  quarry,  470 
•  Green,  J.  A.,  quarry,  662 
Iowa  Portland  Cement  Co.  quarry, 

439 
LeClaire  Stone  Company,  663,  664 
McWilliams-Mowry  quarry,  81 
Williams,  Wilkes,  quarry,  661 
Wilson  quarry,  415 
Winterset,  442 

Anamosa,  gravels,  near,.  372 
quarries  near,  373,  674 

Anamosa  dolmites,  48  -   v 

analyses  of  limestone»  from,-  662,  664r 
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Anamosa  phase  in  Cedar  county,  124 

In  Jones  county,  373 

In  Linn  county,  405  .  -       * ' 

In  Scott  county,  547 
Anderson,  A.  O.,  analyses  by,  343,  470, 

659-664 
Anthon,  gravels  near,  618 

Appanoose  county,  abrasion  and  Impact 
tests  of  stone  from,  650 

analyses  of  limestone  from  659 

cementation  tests  of  stone  from,  654 

mechanical  analyses  of  stone  from, 
648 

sand  and  gravel  In,  68 

stone  in,  68,  672 
Arey,  M.  F.,  cited,  301 
Arion,  gravels  near,  202 
Armstrong,  analyses  of  sands  from,  666 

tests  of  gravels  from,  656 
Armstrong  Bros.  Coal  Co.,  708 
Ash  in  coal,  determination,  694 

effect  on  price,  759 
Ash  In  Iowa  coals,  743 
Atlantic,  gravels  near,  120 
Atwood  Coal  Co.,  704 
Auburn   Mills,   analyses  of  limestone 
from,  661 

stone  at,  268 
Audubon  county,  sand  and  gravel  in,  69 
Augusta,  quarries  at,  232 
Average  coal,  736 
Avoca,  gravels  near,  528 
Avon,  gravels  at,  683 


Badger,  analyses  of  sands  from,  670 

tests  of  gravels  from,  658 
Bagley,  gravels  near,  303 
Bain,    H.   F.,   216,   240,   304,  306,   527, 

5d6,  622 
Ballinger,  quarries  near,  399,  675 

Bancroft,  gravels  near,  681 

Bayard,  gravels  near,  303 

Beaman,  stone  near,  302 

Bedford,  analyses  of  limestone  from, 
664 
quarry  at,  575 

Belfast,  quarry  at,  400 


Bellevue,    gravels    near,    348 
quarries  at,  351 

^elmond,  analyses  of  sands  from,  670 
gravels  at,  630,  685 
tests  of  gravels  ftom,  658 

Beloit,  gravels  near,  426,  557 

Bennett  Bros.  Coal  Co.,  728 

Benton  county,  abrasion  and   impact 
tests  of  stone  from,  650 
analyses  of  sands  from,  666 
cementation  tests  of  stone  from,  654 
mechanical  analyses  of  stone  from 

648 
sand  and  gravel  in,  69 
stone  in,  71,  672 
tests  of  gravels  from,  656 

Benton  substage  in  Plymouth  county, 

5X7 
Bentonsport,   analyses  of  limestone 
from,  664 
gravels  near,  579 
Berkley,  gravels  near,  84 
Bethany  substage,  analyses  of  lime- 
stone from,  663 
in  Adair  county,  56 
In  Decatur  county,  213 
Bethany  substage 
in  Guthrie  county,  305 
In  Madison  county,  435 
Bettendorf,  analyses  of  limestone  from, 
663 
quarries  near,  552,  676 
Beyer,  S.  W.,  Road  and  concrete  ma- 
terials of  Iowa,  33 
Bids  for  coal,  comparison  of,  751 

rejection  of,  749 
Big  Creek,  gravels  on,  624 
Big  Sioux  river,  gravels  on,  425,  511. 

567 
Black  Hawk  county,  abrasion  and  Im- 
pact tests  of  stone  from,  650 
analyses  of  limestone. from,  659 
analyses  of  sands  from,  666 
cementation  tests  of  stone  from,  654 
mechanical  analyses  of  stone  from, 
.648 
sand  and  gravel  in,  77,  677 
stone  In,  79,  672 
tests  of  gravels  from,  656 
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Blencoe,  analyses  of  sands  from,  668 
tests  of  gravels  from,  657 

Blockley,  gravel  at,  213 

Bloomlngton,  quarry  at,  569 

Bolton-Hoover  Goal  Co.,  730 

Bonaparte,  quarries  near,  579,  680,  585 

Boone  county,  analyses  of  sands  from, 

666 
sand  and  gravel  in,  83,  677 
tests  of  gravels  from,  656 

Boone  river,  gravels  on,  307,  635 

Booneville,  gravel  at,  679 

Bouton,  gravel  at,  679 

Bowlders  of  drift,  54 

Boyer  river,  gravels  on,  202 

Brandon,  quarries  at,  101 

Bremer  county,  abrasion  and  impact 

tests  of  stone  from,  650 
•  analyses  of  limestone  from,  659 
analyses  of  sands  from,  666 
cementation  tests  of  stone  from,  654 
mecnanical  analyses  of  stone  from, 

648 
sand  and  gravel  in,  85,  677 
stone  in,  87,672 
tests  of  gravels  from,  656 

Brick  for  road  work,  41 
Brighton,  quarries  near,  597 
Bristow,  quarries  near,  109 
Buchanan  county,  abrasion  and  Impact 
tests  of  stone  from,  650 

analyses  of  limestone  from,  659 

analyses  of  sands  from,  666 

cementation  tests  of  stone  from,  654 

mechanical  analyses  of  stone  from, 
648 

sand  and  gravel  in,  91 

stone  in,  98,  672 

tests  of  gravels  from,  656 

Buchanan  gravels,  54 
in  Benton  county,  69 
in  Black  Hawk  county,  77 
in  Bremer  county,  85 
in  Butler  county,  107 
in  Cerro  Gordo  county,  138 
in  Cherokee  county,  166 
in  Chickagaw. county,  166 


Buchanan  gravel— Con. 
in  Clay  county,  177 
in  Clayton  county,  182 
in  DlELvis  county,  210 
in  Delaware  county,  216 
in  Dubuque  county,  240 
in  Fayette  county,  259,  264 

Buchanan  gravels 
in  Franklin  county,  288 
in  Grundy  county,  300 
in  Hardin  county,  312 
in  Henry  county,  328 
in  Howard  county,  333 
in  Humboldt  county,  341 
in  Jones  county,  370 
in  Louisa  county,  412 
in  Marshall  county,  450 
in  Mitchell  county,  464 
in  Pocahontas  county,  520 
in  Sac  county,  544 
in  Winneshiek  county,  606 

Buena  Vista  county,  analyses  of  sands 
from,  666 
sand  and  gravel  in,  103,  677 
tests  of  gravels  from,  656 

Buffalo,  cementation  tests  of  stoiie 
from,  655 
mechanical  analyses  of  stone  from, 

649 
quarry  near,  555,  676 

Bureau  of  Standards,  698 
Burlington,  analyses  of  limestone  from, 
660 

gravel  at,  679 

quarries  at,  673 

Burlington  substage  in  Van  Buren 
county,  578 

Burnt  clay  ballast  for  road  work,  41 

Busti,  gravels  near,  333 

Butler   county,    abrasion    and    impact 
tests  of  stone  from,  650 
analyses  of  sands  from,  666 
cementation  tests  of  stone  from,  654 
mechanical  analyses  of  stone  from, 

648 
sand  and  gravel  in,  107,  677 
stone  in,  109 
tests  of  gravels  from,  656 

Butl^rville,  quarry  near,  572 
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Calhoun  county,   analyses  of  sands 
from,  666 
sand  and  gravel  in,  111 
stone  in,  115 
tests  of  gravels  from,  656 

Calmar,  quarry  near,  614 

Calorific  value  of  coal,  698 

Calumet,  gravels  near,  494,  783 

Calvin,  Samuel,  cited,  66,  69,  85,  91, 
136,  170,  219,  220,  240,  333,  345, 
366,  367,  465,  466,  505,  605,  607, 
613,  616 

Cambrian  system,  rock  In,  44 

Cambridge,  gravels  at,  569 

Campbell  Coal  Co.,  712 

Carbon  in  coal,  696 

Carboniferous  system,  rock  in,  49 

Carroll,  gravels  near,  119 

Carroll  county,  sand  and  gravel  in, 
116,  678 

Carson,  quarries  near,  531 

Cascade,  analyses  of  limestone  from, 

660 
cementation  tests  of  stone  from,  654 
mechanical  analyses  of  stone  from, 

648 

Cass  county,  sand  and  gravel  in,  120 
stone  in,  121 

Castana,  gravels  at,  472 

Cedar  Bluff,  quarry  at,  130 

Cedar  *  county,    abrasion    and    Impact 

tests  of  stone  from,  650 
analyses  of  limestone  from,  659 
cementation  tests  of  stone  from,  654 
mechanical  analyses  of  stone  from, 

648 
sand  and  gravel  in,  123 
stone  in,  123,  672 

Cedar  creek,  gravels  on,  539 

Cedar  Falls,  analyses  of  sands  from, 
666 
cementation  tests  of  stone  from,  654 


Cedar  Falls 
gravel  at,  79,  677 
mechanical  analyses  of  stone  from, 

648 
quarries  at,  80,  672 
tests  of  gravels  from,  656 

Cedar    Rapids,    cementation    tests    of 
stone  from,  655 
mechanical  analyses  of  stone  from, 

649 
quarries  at,  410,  675,  681 

Cedar  river,  gravels  on,  274,  412,  464 

Cedar   Valley,    analyses   of   limestone 

from,  659 
cementation  tests  of  stone  from,  654 
mechanical  analyses  of  stone  from, 

648 
quarries  at,  124,  672 

Cedar  Valley  stage,  49 
analyses  of  limestones  from,  659,  660, 

662,  663 
in  Benton  county,  72 
in  Black  Hawk  county,  79 
in  Bremer  county,  87 
in  Buchanan  county,  100 
in  Cerro  Gordo  county,  144 
in  Floyd  county,  276 
in  Johnson  county,  364 
in  Linn  county,  411 
in  Mitchell  county,  466 
in  Scott  county,  555 
in  Worth  county,  624 

Cementing  value  of  stone,  637 

Centerville,  cementation  tests  of  stone 
from,  654 
mechanical  analyses  of  stone  from, 
648 

Cerro  Gordo  county,  abrasion  and  im- 
pact tests  of  stone  from,  650 
analyses  of  limestone  from,  660 
cementation  tests  of  stone  from,  654 
mechanical  analyses  of  stone  from, 
648 

Cerro  Gordo  county, 
sand  and  gravel  in,  136,  678 
stone  in,  144,  672 

Chapin,  quarry  near,  289 

Chariton,  quarries  near,  417 
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Cliariton   conglomerate   In   Appanoose 
county,  69 

Charles  City,  analyses  of  sands  from, 

666 
cementation  tests  of  stone  from,  664 
gravels  at,  276,  680 
mechanical  analyses  of  stone  from, 

648 
quarries  at,  284,  673 
tests  of  gravels  from,  666 

Charlotte,  cementation  tests  of  stone 
from,  654 
mechanical  analyses  of  stone  from, 
648 

Cherokee,  analyses  of  sands  from,  666 
gravels  at,  160,  678 
tests  of  gravels  from,  656 

Cherokee  county,  analyses  of  sands 
from,  666 
sand  and  gravel  in,  155,  678 
tests  of  gravels  from,  666 

Chester,  gravels  near,  333 

Chickasaw,  cementation  tests  of  stone 
from,  654 
gravels  near,  169 
mechanical  analyses  of  stone  from, 

648 
quarries  at,  170 
Chickasaw  county,  ahrasion  and  Impact 
tests  of  stone  from,  650 
analyses  of  sands  from,  666 
cementation  tests  of  stone  from,  654 
mechanical  analyses  of  stone  from, 

648 
sand  and  gravel  in,  166 
stone  in,  170 
tests  of  gravels  from,  656 
ChiUlcothe,  sand  near,  690 
Churdan,  gravels  near,  299 
Clarinda,  analyses  of  sands  from,  668 

tests  of  gravels  from,  667 
Clarke  county,  analyses  of  limestone 
from,  660 
sand  and  gravel  in,  172 
stone  in,  173 
Clarksville,  gravels  at,  108,  677 

quarries  at,  110 
Clay,  burnt,  for  road  work,  41 
distribution,  41 
49 


Clay  county,  analyses  of  sands  from, 
666 
sand  and  gravel  in,  174,  678 
tests  of  gravels  from,  666 

Clay  Mills,  stone  near,  372 

Clayton,  sand  at,  678 

quarry  at,  184 
Clayton  county,  abrasion  and  Impact 
tests  of  stone  from,  660 

analyses  of  sands  from,  666 

cementation  tests  of  stone  from,  654 

mechanical  analyses  of  stone  from, 
648 

sand  and  gravel  in,  178,  678 

stone  in,  183,  673 

tests  of  gravel  from,  656 

demons,  analyses  of  sands  from,  668 
gravels  at,  682 
tests  of  gravels  from,  657 

Clermont,  analyses  of  limestone  from, 
661 

analyses  of  sands  from,  666 

cementation  tests  of  stone  from,  664 

gravels  at,  257,  680 

mechanical  analyses  of  stone  from, 

648 

quarries  at,  264 

tests  of  gravels  from,  656 

ClifTland,   cementation  tests  of  stone 
from,  655 
mechanical  analyses  of  stone  from, 
649 

Climax,  quarry  near,  479 

Clinton,  analyses  of  sands  from,  666 
cementation  tests  of  stone  from,  664 
mechanical  analyses  of  stone  from, 

648 
gravel  at,  679 
quarries  at,  193 
tests  of  gravels  from,  656 
Clinton  county,  abrasion  and  Impact 

tests  of  stone  from,  651 
analyses  of  sands  from,  666 
cementation  tests  of  stone  from,  654 
mechanical  analyses  of  stone  from, 

648 

sand  and  gravel  in,  191,  679 

tests  of  gravels  from,  656 
stone  in,  193 
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Cltttier;  analjrses  of  sands  from,  668 

sand  near,  572 

tests  of  gravels  from,  668 
Coal,  purchase  of,  under  specifications, 
747 

storing  of,  746 
Coal  Measures  in  Iowa  county,  346 
Coal  samples,  preparation,  693 
Coal  sampling,  method,  6:i2 
Goals  desired,  description  of,  750 
Coburg,  sand  near,  474 
Coggan,  quarry  near,  409 
Coggan  stage,  analyses  of  limestones 
from,  660 

in  Benton  county,  71 

in  Linn  county,  409 
Coin,  quarries  near,  505 
Coke  from  Iowa  coals,  743 
Colfax,  gravel  near,  364 
Colfax  Consolidated  Coal  Co.,  732 
Commerce,  gravels  at,  683 
Conglomerate  in  Guthrie  county,  303 
Conrad,    cementation    tests   of   stone 
from,  654 

mechanical  analyses  of  stone  from, 
648 

quarry  at,  302 
Coon  Mound,  gravels  on,  601,  685 
Coon  Rapids,  gravels  at,  118 
Coover,  W.  P.,  work  of,  42 
Coppock,  gravel  near,  596,  681 
Coralville,  quarries  near,  865 
Cornelia,  gravels  near,  636 
Corning,  quarry  at,  69 
Correctionville,  analyses  of  sand  from, 
670 

gravels  near,  618,  685 

tests  of  gravel  from,  658 
Council  Bluffs,  sand  near,  530 
Crawford    county,    analyses    of    sands 
from,  666 

sand  and  gravel  in,  202 

tests  of  gravels  from,  656 
Crescent,  quarry  near,  532 

Crescent  Coal  Co.,  706 

Cresco,  cementation  tests  of  stone  from, 

654 

mechani<:al  analyses  of  stone  from, 

648 
quarry  at,  336,  674 


Cretaceous  system,  analyses  of  lime- 
stones from,  664 

rock  in,  53 

in  Calhoun  county,  116 

in  Cass  county,  121,  123 

in  Guthrie  county,  306 

in  Plymouth  county,  617 

in  Pottowattamie  county,  532 

in  Sac  county,  545 
Cylinder,  gravels  near,  510 


Dakota     conglomerate      in      Guthrie 

county,  304 
Dakota  sandstone  in  Cass  county,  123 
Dallas  county,  sand  and  gravel  in,  204, 
679 
stone  in,  206 
Davenport,  analyses  of  sands  from,  668 
gravels  at,  684 
tests  of  gravels  from,  658 
Davis  City,  cementation  tests  of  stone 
from,  654 
gravel  at,  213 
mechanical  analyses  of  stone  from, 

648 
quarries  at,  213,  673 
Davis  county,  sand  and  gravel  in,  209 

stone  iUi  210 
Decatur  county,  abrasion  and  impact 
tests  of  stone  from,  651 
analyses  of  sands  from,  666 
cementation  tests  of  stone  from,  654 
mechanical  analyses  of  stone  from, 

648 
sand  and  gravel  in,  210 
stone  in,  2l3,  673 
tests  of  gravels  from,  656 
Decorah,  analyses  of  limestone  from, 
664 
cementation  tests  of  stone  from,  656 
gravels  near,  605,  685 
mechanical  analyses  of  stone  from, 

649 
quarries  at,  610,  676 
DeKalb,  analyses  of  sands  from,  666 

tests  of  gravels  from,  656 
DeKalb  limestone,  52 
in  Decatur  county,  216 
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Delawmre  county,   anmlyaes  of  mids 
from,  6€C 
sand  mnd  graTel  in,  21C.  €7f 
stone  in,  220,  C73 
tests  of  gmels  from.  65€ 


Delaware  stage  in 
220 


Ddaware  oonntj* 


Ddhi,  qnairies  near,  222 
DeliTerr  of  ooal,  753 

Denison,  analyses  of  sands  from,  666 
grayels  at,  203 
tests  of  grsTels  from,  656 

Department  of  Bridges  and  Highways 
of  fVance,  test  of  stone  by,  638 

Des  Moines,  analyses  of  sands  from, 
668 
grarels  near,  527,  683,  684 
tests  of  grayels  from,  657 

Des  Moines  county,  abrasion  and  im- 
pact tests  of  stone  from,  651 
analyses  of  limestone  from,  660 
analyses  of  sands  from,  666 
cementation  tests  of  stone  from,  654 
mechanical  analyses  of  stone  frcun, 

648 
sand  and  grayel  in,  225,  679 
stone  in,  226,  673 
tests  of  graTels  from,  656 

Des  Moines  riTer,  grayels  on,  84,  204, 
251,  339,  443,  444,  473,  507,  518, 
524,   577,   590,   595,   600 

Des  Moines  stage,  51 
analyses  of  limestones  from,  659 
in  Appanoose  county,  68 
in  Dallas  county,  206 
in  Dayis  county,  210 
in  Guthrie  county,  306 
in  Jasper  county,  554 
in  liucas  county,  416 
in  Marshall  county,  461 
in  Muscatine  county,  485 
in  Polk  county,  527 
in  Wayne  county,  6vO 

Deyal  test  for  stone,  643 


Devonian    system,   analyses   of   lime- 
stones from,  659 

rock  in,  48 

in  Buchanan  county,  98 

in  Butler  county,  109 

in  Cedar  county,  136 

in  Oeno  Gordo  county,  144 

in  Chickasaw  county,  170 

in  Fayette  county,  269 

in  Floyd  county,  276 

in  Howard  county,  335 

in  Johnson  county,  364 

in  Linn  county,  406 

in  MltcheU  county,  466 

in  Muscatine;  county,  482 

in  Scott  county,  552 
De  Witt,  analyses  of  sands  from,  666 

grayel  at,  191,  679 

tests  of  grayels  from,  656 
Diagonal,  sand  near,  533 
Dickinson  county,  sand  and  gravel  in, 

234,  679 
Doon,  analyses  of  sands  from,  668 

grayels  at,  418,  682 

tests  of  grayels  from,  657 
Dorchester,  quarries  near,  65 
Dows,  analsrses  of  sands  from,  670 

grayel  near,  287,  636 

tests  of  gravels  from,  658 
Dubuque,  analyses  of  limestone  from, 
661 

analyses  of  sand  from,  666 

grayels  at,  239,  679 

quarries  at,  673 

tests  of  gravels  from,  656 
Dubuque  county,  analyses  of  limestone 
from,  660 

analyses  of  sands  from,  666 

sand  and  grayel  in,  238,  679 

stone  in,  241,  673 

tests  of  grayels  from,  656 
Dudley,  quarries  at,  592 
Dumont,  analyses  of  sands  from,  666 

cementation  tests  of  stone  from,  654 

grayel  at  678 

mechanical  analyses  of  stone  from, 
648 

quarries  near,  109 

tests  of  gravels  from,  656 
Dyersville,  gravels  at,  219,  679 
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Eagle  City,  quarries  at,  316 

Eagle  Grove,  analyses  of  sands  from, 
670 
tests  of  gravels  from,  658 

Eagle    Point,    analyses    of    limestone 

from,  660 
Earlham,  analyses  of  limestone  from, 
663 

cementation  tests  of  stone  from,  655 

mechanical  analyses  of  stone  from, 
649 

quarries  near,  436,  675 
Earlham  limestone,  52 

in  Decatur  county,  213 

in  Guthrie  county,  305 

in  Madison  county,  436 
EarlviUe,  gravels  at,  218 
Early,  analyses  of  sands  from,  668 

gravels  near,  540 

tests  of  gravels  from,  657 
East  Nishnahotna  river,  sand  on,  474, 

504 
East  Peru,  quarries  at,  675 
Eddyville,  analyses  of  sands  from,  668 

gravels  near,  473,  682,  685 

quarries  near,  591,  676 

tests  of  gravels  from,  657 
Eldora,  gravels  at,  680 
Eldora   sandstone   in   Hardin   county, 

318 
Eldorado,  gravels  near,  258 
Elgin,  gravels  at,  256 
Elkader,  analyses  of  sands  from,  666 

cementation  tests  of  sxune  from,  654 

gravels  at,  179 

mechanical  analyses  of  stone  from, 
648 

quarry  at,  185,  673 

tests  of  gravels  from,  656 
Elkport.  gravels  at,  180 
Ellis,  C.  E.,  analyses  of  limestone  by, 

659,  662,  664 
Elm  Springs,  gravels  near,  557 
Elma,  quarries  at,  339 
Emmet  county,  analyses  of  sands  from, 
666 

sand  and  gravel  in,  251,  679 

tests  of  gravels  from,  656 


Emmetsburg,  gravels  near,  609,  683 

Engineering   Experiment   Station,   co- 
operation with,  42 

English  Creek  Coal  Co.,  726 

Enterprise  Coal  Co.,  734 

Escka  Method  for  sulphur,  694 

Estherville,  gravels  at,  252,  679 


Pairbank,  quarry  at,  100,  271 
Fairfield,  sand  near,  361 
Fairport,   cementation   tests  of   stone 
from,  655 
mechanical  analyses  of  stone  from, 
649 
Farley,  quarries  at,  260,  673 
F^rmington,    analyses    of     limestone 
from,  664 
analyses  of  sands  from,  670 
cementation  tests  of  stone  from,  655 
gravels  at,  578,  685 
mechanical  analyses  of  stone  from, 

649 
quarries  near,  587 
tests  of  gravels  from,  658 
Farragut,  sand  near,  462 
Fayette,    cementation    tests   of    stone 
from,  654 
gravels  at,  262 
mechanical  analyses  of  stone  from, 

648 
quarries  at,  269 
Fayette  county,  abrasion  and  impact 
tests  of  stone  from,  651 
analyses  of  limestone  from,  661 
analyses  of  sands  from,'  666 
cementation  tests  of  stone  from,  654 
mechanical  analyses  of  stone  from, 

648 
sand  and  gravel  in,  256,  680 
stone  in,  264,  673 
tests  of  gravels  from, '656 
Fertile,  quarry  at,  628 
Fixed  carbon  in  coal,  694,  742 
Flagler,  quarry  near,  447 
Florenceville,  quarry  near,  335 
Floyd,  gravels  at,  275,  680 
quarries  at,  284 
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floyd    county,   abrasion    and    Impact 

tests  of  stone  from,  651 
analyses  of  sands  troui,  666 
cemicntatlon  tests  of  stone  from,  664 
mechanical  analyses  of  stone  from, 

648 
sand  and  gravel  In,  274,  680 
stone  In,  276,  673 
tests  of  gravels  from,  656 

Floyd  river,  gravels  on,  486,  511,  561 

Forbes  limestone  In  Page  county,  504 

Forest   City,    gravels   near,    310,   680, 

685 
Forestvllle,  quarries  near,  225 
Fort   Atkinson,   cementation   tests   of 
stone  from,  655 
gravels  at,  607 
mechanical  analyses  of  stone  from, 

649 
quarries  at,  613 
Fort  Atkinson  dolomite  in  Winneshiek 

county,  613,  616 
Fort  Dodge,  analyses  of  sands  from, 
670 
gravels  near,  600,  685 
quarries  near,  601 

tests  of  gravels  from,  658 
Ft  Dodge,  Des  Moines  and  Southern 

Railway  Co.,  minu  of,  710 
Fort    Madison,    cementation    tests   of 
stone  from,  655 
mechanical  analyses  of  stone  from, 
649 

sand  at,  681 
Fragmental  limestone,  52 
in  Decatur  county,  213 
in  Guthrie  county,  305 
in  Madison  county,  436 
Franklin,  cementation  tests  of  stone 
from,  655 
mechanical  analyses  of  stone  from, 

649 
quarry  near,  403 

Franklin  county,  abrasion  and  impact 

tests  of  stone  from,  651 
analyses  of  sands  from,  666 
cementation  tests  of  stone  from,  654 
mechanical  analyses  oi  stone  from, 

648 


Franklin  oonnty — Con. 
sand  and  gravel  in,  286,  680. 
stone  in,  288 
tests  of  gravels  from,  656 

Frazer,  analyses  of  sands  from,  666 
gravels  at,  84,  677 
tests  of  gravels  from,  656 

Frederika,  quarries  at,  90 

Freeport,  sand  near,  606 

Fremont  county,  sand  and  gravel  in, 
293 
stone  in,  294 

French  Coefficient  of  Wear,  643 

Fruitland,  sand  at,  683 

Fuhlweller,  741 


G 


Galena  limestone,  46 

analyses  of,  660,  664 

in  Dubuque  county,  245 

in  Jackson  county,  350 

Galena-PlatteviUe   in   Clayton*  county, 

183 

in  Howard  county,  335 
in  Winneshiek  county,  609 

Garnavillo,  limestone  at,  673 

Garner,  gravels  near,  309' 

Garrison,  cementation   tests   of  stond 

from,  654 

mechanical  analyses  of  stone  from', 
648 

quarry  near,  75 
Gas  from  Iowa  coal,  741 
Geest  as  road  material,  67,  191 
Geode  shales  in  Van  Buren  county,  579 
Geology   of   Iowa   road   and    concrete 

materials,  42 
George,  gravels  at,  424 
Gifford,  analyses  of  sands  from,  668' 

gravels  at,  311,  680 

tests  of  gravels  from;  657 
Gillett  Grove,  gravels  at,  177 
Gilmore  City,  analyses  of  stone  from, 
523 

cementation  tests  of  stone  from,  655 

mechanical  analyses  of  stone  from, 
649 

quarry  at,  523,  676 
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Givln,  limestone  at,  676 

Glacial  bowlders,  dlstrlbutlotl,  41 

Glendon,  conglomerate  near,  304 
quarries  near,  307 

Gordon,   399,   579,   5S0,   584,  585 

Gordons  Ferry,  quarry  at,  349 

Gower  stage,  48 
analyses  of  limestones  from,  659,  662, 

664 
In  Cedar  county,  124 
In  Jones  county,  373 
In  Johnson  county,  363 
In  Scott  county,  547 

Graettinger,  gravels  near,  252,  509,  679, 
683 

Grand    Junction,    analyses    of    sands 
from,  666 

gravels  at,  680 

tests  of  gravels  from,  656 
Grand  Mound,  gravels  at,  192,  679 
Grand  River,  gravel  at,  213 
Grand  river,  sand  and  gravel  on,  213, 

633,  577 
Granite,  gravels  at,  425,  682 
Grant,  quarry  near,  480 
Grant  City,  stone  at,  546 

Gravel  and  sand,  distribution,  39 
Green    Horn    limestone   In   Plsrmouth 

county,  617 
Green  Island,  gravels  near,  349 
Greene,    cementation    tests    of    stone 
from,  654 
mechanical  analyses  of  stone  from, 

648 
gravels  at,  107,  678 
.  quarries  near,  111 
Greene  county,  analyses  of  sands  from, 
666 
sand  and  gravel  In,  295,  680 
tests  of  gravels  from,  656 
Grundy  Center,  analyses  of  sands  from, 
668. 
gravels  at,  300,  680 
tests  of  gravels  from,  657 

Grundy  county,  abrasion  and  impact 
tests  of  stone  from,  651 
analjrses  of  sands  from,  668 
cementation  tests  of  stone  from,  654 


Qnindy  oonnty~Oon. 

mechanical  analyses  of  stone  from, 

648 

sand  and  gravel  in^  300,  680 

stone  in,  302 

tests  of  gravels  from,  657 
Guthrie  county,  sand  and  gravel  in, 

303 
stone  in,  305 
Guttenburg,  cementation  tests  of  stone 

from,  654 
gravels  at,  178,  678 
mechanical  analyses  of  stone  from, 

648 
quarry  at,  185,  673 


Hale,  cementation  tests  of  stone  from, 

654 
gravels  near,  372 
mechanical  analyses  of  stone  from, 

648 
quarries  at,  674 
Hamilton  county,  analyses  of  limestone 

from,  661 
analyses  of  sands  from,  668 
sand  and  gravel  In,  307 
stone  In,  308 
tests  of  gravels  from,  657 
Hampton,  analyses  of  sands  from,  666 
cementation  tests  of  stone  from,  654 
gravels  at,  288 
mechanical  analyses  of  stone  from, 

648 
quarry  at,  291 
tests  of  gravels  from,  666 
Hancock  county,  sand  and  gravel  in, 

309,  680 
Hanlontown,  analyses  oi  sands  from, 

670 
tests  of  gravels  from,  658 
Hardin  county,  abrasion   and  Impact 

tests  of  stone  from,  651 
analyses  of  sands  from,  668 
cementation  tests  of  stone  from,  654 
mechanical  analyses  of  stone  from, 

648 
sand  and  gravel  in,  aii;  680 
stone  in,  313,  674 
tests  of  gravels  from,  657 
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Hardness  of  stone,  638 

Harrison    county,    analyses    of   sands 
from,  668 
sand  and  gravel  In,  318,  681 
stone  in,  327,  674 
tests  of  gravels  from,  657 

Harvey,  gravels  near,  682 
quarry  near,  448 

Hawarden,  analyses  of  limestone  from^ 
664 
gravel  near,  559,  684 

Hazelton,  gravel  at,  96 
quarries  near,  98,  672 

Heating  of  coal  in  storage,  745 

Henry  county,  sand  and  gravel  in,  328, 
681 

stone  in,  329,  674 
Henton,  quarry  at,  463 
Hesper,  quarry  near,  615 
Hess,  A.  W.,  work  of,  42 
High  Bridge  Coal  Co.,  720 
Hills,  sand  at,  681 
Hillsdale,  quarry  at,  400 
Hixson,  A.  W.,  analyses  of  Iowa  coals 

by,  687 
Holland,  gravels  near,  300 
Hopkinton,  gravels  at,  218 

quarries  at,  221,  673 
tiopkinton  stages,  47 

analyses  of  limestones  from,  661,  662 

in  Fayette  county,  267 

in  Jackson  county,  352  ^ 

in  Jones  county,  372 

Hosper,  gravel  near,  561,  684 

Howard  county,  abrasion  and  impact 

tests  of  stone  from,  651 
cementation  tests  of  stone  from,  654 
mechanical  analyses  of  stone  from, 

648 
sand  and  gravel  in,  333,  681 
stone  in,  334,  674 

Hudson,  S.  D.,  gravel  near.  558,  584 

Humboldt,  analyses  of  limestone  from, 
343,  661 
analyses  of  sands  from,  668 
quarries  at,  343 
sand  near,  342,  681 
tests  of  gravels  from,  657 


Humboldt   county,   analyses   of   lime- 
stone from,  661 
analyses  of  sands  from.  668 
sand  and  gravel  in,  339,  681 
stone  in,  343 
tests  of  gravels  from,  657 

Hurstville,  quarry  at,  353 

Hydrogen  in  coal,  696 


Ida  county,  analyses  of  sands  from,  668 
sand  and  gravel  in,  345,  681 
tests  of  gravel  from,  657 

Ida  Grove,  analyses  of  sauas  irom,  668 
gravels  at,  345,  681 
tests  of  gravels  from,  657 

Illinoian  drift,  63 

Independence,   analyses   of   limestone, 

from,  .659  . 
analyses  of  sands  from,  666 
cementation  tests  of  stone  from,  654 
gravel  at,  93 
mechanical  analyses  of  stone  from, 

648 
quarries  at,  98 
tests  of  gravels  from,  656 

Indian  creek,  gravels  on,  540,  566 

Inoceramus  beds  in'  Plymouth  county, 
517 

Ionia,  analyses  of  sands  irsm,  666 
tests  of  gravels  from,  656 

Iowa  City,  analyses  of  limestone  from, 

662 
cementation  tests  of  ston€  from,  654 
mechanical  analyses  of  stone  from, 

648 
quarries  near,  364 
sand  near,  363,  681 

Iowa  coals,  value  of,  746 
washing  tests  of,  745 

Iowa  coals  for  prodjicer  gas,,  744- 

Iowa  county,  -analyses  of  nands  from, 
668 
sand  and  gravel  in,  346 
stone  in,  346 
tests  of  gravels  from,  657 
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Iowa  F&Us,  cementation  tests  of  stone 
from,  654 
mechanical  analyses  of  stone  from, 

648 
quarries  at,  313,  674 
Iowa  river,  sand  and  travels  on,  309, 

311,  346,  363,  412,  450,  672,  630 
Iowa  road  and  concrete  materials,  42 
Iowa  State  College,  cooperation  with, 

42 
lowan  drift,  53 

lowan  gravels  in  Grundy  county,  301 
in  Louisa  county,  412 
in  Mitchell  county,  464 
lowan  sands  in  Winueshlek  county,  607 
lowan  stage,  53 
Iron  in  Iowa  coals,  743 
Irvington,  gravels  at,  394,  681 


Jackson  county,  abrasion  and  impact 

tests  of  stone  from,  651 
analyses  of  limestone  from,  662 
analyses  of  sands  from,  668 
cementation  tests  of  stone  from,  654 
mechanical  analyses  of  stone  from, 

648 
sand  and  gravel  in,  848,  681 
stone  in,  349 
tests  of  gravels  from,  657 

Janesville,  gravel  at,  86,  677 

Jasper  county,  sand  and  gravel  in,  354 
stone  in,  354 

Jefferson,  analyses  of  sands  from,  668 
gravels  at,  680 
tests  of  gravels  from,  657 

Jefferson  county,  sand  and  gravel  in, 
359 
stone  in,  361 

Jesup,  quarries  at,  100 

Johnson  county,  abrasion  and  impact 

tests  of  stone  from,  651 
analyses  of  limestone  from,  662 
cementation  tests  of  stone  from,  654 
mechanical  analyses  of  stone  from, 

648 
sand  and  gravel  in,  363,  681 
stone  in,  363,  674 


Jones   county,     abrasion    and    impact 
tests  of  stone  from,  651 
analyses  of  limestone  from,  662 
analyses  of  sand  from,  668 
cementation  tests  of  stone  from,  654 
mechanical  analyses  of  stone  from« 

648 
sand  and  gravel  in,  369 
stone  in,  372,  674 
tests  of  gravels  from,  657 


Kamrar,  analyses  of  sands  from,  668 
gravels  near,  307 
tests  of  gravels  from,  657 

Kansan  drift,  54 

Kansan  gravels  in  Winneshiek  county, 
606 

Kellogg,  quarries  near,  356 

Keokuk,  cementation  of  tests  of  stone 

from,  655 
mechanical  analyses  of  stone  from, 

649 
quarries  at,  398,  675 

Keokuk    limestone    in    Des     Moines 
county,  232 
in  Lee  county,  396 
in  Van  Buren  countv.  B7fl 

Keokuk  county,  sand  and  gravel  in, 
387 
stone  in,  388,  674 

Keosauqua,  analyses  of  limestone  from, 
664 
cementation  tests  of  stone  from,  655 
mechanical  analyses  of  stone  from, 

649 
quarries  at,  585 
Keyes,  Charles,  226,  399 
Keystone  Coal  Mining  Co.,  724 
Kilbourn,  quarries  at,  584 
Kinderhook   stage,   analyses   of   lime- 
stones from,  661,  663 
rock  in,  49 

in  Des  Moines  county.  226 
in  Franklin  county,  289,  293 

in  Hardin  county,  313 
in  Humboldt  county,  343 

in  Jasper  county,  365 
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Kinderhook  stage— C6n. 
in  Louisa  county,  413 
in  Marshall  county,  453 
in  Tama  county,  572 
in  Washington  county,  596    . 

Kingsley,  gravels  near,  517,  683 

KJeldahl  method  for  nitrogen,  698 

Klemme,  gravels  at,  309 

Klondyke,  gravels  near,  425 

Knight,  N.,  analyses  of  limestone  by, 
659,  660 

Kossuth  county,  analyses  of  sands 
from,  668 
sand  and  gravel  in,  393,  681 
tests  of  gravels  from,  657 


Lainsville,  gravels  near,  349 

Lake  City,  analyses  of  sands  from,  666 
garvels  at.  113 
stone  near,  115 
tests  of  gravels  from,  656 

Lake  View,  gravels  near,  540,  684 

Lament,  quaries  near,  215 

Lanesboro,  gravels  near,  116,  678 

Langdon,  analyses  of  sands  from,  666 

Lansing,  analyses  of  sands  from,  666 
cementation  tests  of  stone  from,  654 
mechanical  analyses  of  stone  from, 

648 
quarries  at,  64,  672 
tests  of  gravels  from,  656 

Laporte    City,    cementation    tests    of 

stone  from,  654 
limestone  at,  672 
mechanical  analyses  of  stone  from, 

648 
quarries  near,  82 

Larrabee,  gravel  at,  166 

Lawler,  gravels  near,  169 

Le  Claire,  analyses  of  limestone  from, 
664 

cementation  tests  of  stone  from,  655 
mechanical  analyses  of  stone  from,  649 

quarries  at,  676 


Le  Claire  dolomites,  48 
in  Cedar  county,  134 
in  Johnson  county,  363 
in  Jones  county,  372,  378 
in  Linn  county,  405 
in  Scott  county,  547 

Lee  county,  abrasion  and  impact  tests 

of  stone  from,  652 
cementation  tests  of  stone  from,  655 
mechanical  analyses  of  stone  from, 

649 
sand  and  gravel  in,  395,  681 
stone  in,  395,  675 

Lees,  James  H.,  coals  sampled  by,  692 
descriptions  of  mines  by,  702 
work  of,  42 

Le  Grand,  quarries  at,  453,  675 

Le  Mars,  analyses  of  sands  from,  668 
gravels  near,  512,  683 
quarries  near,  518 
tests  of  gravels  from,  657 

Leon,  analyses  of  sands  from,  666 
tests  of  gravels  from,  656 

Lewis,  quarries  near,  122 
sandstone  at,  120 

Lime  City,  analyses  of  limestone  from, 
129,  659 

Lime  creek,  gravels  on,  136,  623 

Lime    creek    shales    in    Cerro    Gordo 
county,  150 
in  Floyd  county,  276 
in  Franklin  county,  288 

Limestone,  distribution,  40 

Linn    county,    abrasion    and    impact 
tests  of  stone  from,  652 
cementation  tests  of  stone  from,  656 
mechanical  analyses  of  stone  from; 

649 
sand  and  gravel  in,  404,  681 
stone  in,  405,  675 

Linn  Grove,  gravels  at,  103 

Linwood,  quarry  near,  555 

Lithographic  City,  quarry  at,  283 

Little  Cedar  river,  gravels  on,  464 

Little  Floyd  river,  gravels  on,  486 

Little  Ocheyedan  river,  gravels  on,  502 
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Little  Rods,  gravels  at,  424 
Little  Rock  river,  gravels  on,  424 
Little  Sioux  river,  gravels  on,  103,  155, 

174,  234,  346,  616 
Little  Turkey  river,  gravels  on,  260 
Littleport,  gravels  at,  182 
Littleton,  gravel  at,  95 

quarries  at,  100 
Livermore,  sand  near,  342 
Logan,  limestone  at,  674 
Lohrville,  gravels  near,  114 
Lonsdale,  E.  H.,  121,  474,  475 
Louisa   county,   abrasion  and   impact 
tests  of  stone  from,  652 
analyses  of  limestone  from,  662 
cementation  tests  of  sione  from,  655 
mechanical  analyses  of  stone  from, 

649 
sand  and  gravel  in,  411 
stone  in,  413,  675 
Lourdes,  gravels  at,  333 
Loveland,  gravels  near,  530 
Lowden,    cementation   tests    of    stone 
from,  654 
mechanical  analyses  of  stone  from, 

648 
quarry  near,  133 
Lowell,  quarries  near,  329 
Lower   Burlington    limestone   in    Des 
Moines  county,  229 
in  Lee  county,  396 
Lower  Coal  Measures,  51 
Lower    Davenport   stage,   analyses   of 

limestone  from,  659 
Luana,  cementation  tests  of  stone  from, 
654 
mechanical  analyses  of  stone  from, 

648 
quarries  near,  67,  189 
Lucas    county,    sand    and    gravel    in, 
416 
stone  in,  416 
Lundteigen,  analyses  by,  659,  660,  663 
Lycurgus,  quarries  near,  66 
Lynnville,  quarries  near,  355 
Lyon  county,  analyses  of  sands  from, 
668 
sand  and  gravel  in  417,  682 
stone  in,  430 
tests  of  gravels  from,  657 


Lyons,  cementation  tests  of  stone  from, 
654 

mechanical  analyses  of  stone  from, 
648 

quarries  near,  197 

M 

Macbride,  T.  H.,  155,  177,  251,  255,  343, 

486,  495,  496,  501,  507,  508,  523 

Macedonia,  quarries  near,  631 

Madison  county,  abrasion  and  impact 

tests  of  stone  from,  652 

analyses  of  limestone  from,  663 

analyses  of  sands  from,  668 

cementation  tests  of  stone  from,  665 

mechanical  analyses  of  stone  from, 
649 

sand  and  gravel  in,  436 

stone  in,  436,  676 

tests  of  gravels  from,  657 
Madrid,  gravel  at,  679 
Mahaska  county,  analyses  of  limestone 
from,  663 

analyses  of  sands  from,  668 

sand  and  gravel  in,  443,  682 

stone  in,  443,  675 

tests  of  gravels  from,  657 

Manchester,  analyses  of  sands   from, 
666 

gravels  at,  217 

tests  of  gravels  from,  656 

Mapleton,  analyses  of  sands  from,  668 

tesits  of  gravels  from,  657 

Maquoketa,  analyses  of  limestone  from, 
662 

analyses  of  sands  from,  668 

cementation  tests  of  stone  from,  654 

gravels  near,  349 

mechanical  analyses  of  stone  from, 
648 

tests  of  gravels  from,  657 
Maquoketa  river,  gravel  on,  203,  216, 

238,  241,  349,  369 
Maquoketa  stage,  46 

analyses  of  limestones  from,  661 

in  Clayton  county,  185 

in  Dubuque  county,  249 

in  Fayette  county,  264 

in  Howard  county,  335  . 

in  Jackson  county,  360 

in  Winneshiek  county,  613 
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Marble  Rock,  analyses  of  sands  from, 
666 
gravels  at,  276,  680 
quarries  at,  280 
tests  of  grayels  from,  656 

Marlon  county,  analyses  of  limestone 
from,  663 
analyses  of  sands  from,  668 
sand  and  gravel  in,  444,  682 
stone  in,  446 
tests  of  gravels  from,  657 

Marshall  county,  analyses  of  limestone 
from,  663 
analyses  of  sands  from,  668 
sand  and  gravel  in,  450,  682 
stone  in,  453,  675 
tests  of  gravels  from,  657 

Marshalltown,  sand  at,  682 

Marston,  448 

Mason    City,    analyses    of    limestone 
from,  660 
cementation  tests  of  stone  from,  654 
gravels  at,  138,  678 
quarries  near,  147,  672 

Mason  City  substage  in  Worth  county, 
624 

Massilon,  quarry  near,  130 

McGregor,  analyses  of  sands  from,  666 

quarry  at,  673 

tests  of  gravels  from,  656 
Mclntire,  quarry  near,  471 
Meek  ft  Hayden,  517 
Michael,  L.  G.,  analyses  by,  439,  442, 

660,  661,  663,  664 
Middle  Raccoon  river,  gravels  on,  118 
Middle  river,  sand  in,  55 
Middletown,  limestone  at,  673 
Milford,  gravels  at,  174,  234,  679 
Milford,  quarry  near,  480 
Miller,  B.  L.,  358 
MiUinerviUe,  gravels  near,  511 
Mills  county,  analayses  of  sands  from, 
668 

sand  and  gravel  in,  461 

stone  in,  462 

tests  in  gravels  from.  657 

MillviUe,  gravels  at,  l6i 
Mines  sampled,  description,  702 


Minnesota,  abrasion  and  Impact  tests 
of  stone  from,  658 

cementation  tests  of  stone  from,  655 

mechanical  analyses  of  stime  from, 
649 
Mississippi  river,  sand  on,  60,  225,  238, 

348,  413,  481 
Mississippian  series,  rock  in,  49 
Missouri  river,  gravels  on,  528,  621 
Missouri  stage,  52 

analyses  of  limestones  irom,  660,  663, 
664 

in  Adair  county,  56 

in  Adams  county,  59 

in  Cass  county,  121 

in  Clarke  county,  173 

in  Dallas  county,  208 

in  Decatur  county,  213 

in  Fremont  county,  294 

in  Guthrie  county,  305 

in  Harrison  county,  327 

in  Lucas  county,  417 
'  in  Madison  county,  435 

in  Mills  county,  462 

in  Montgomery  county,  475 

in  Page  county,  504 

in  Pottawattamie  county,  531 
Missouri    Valley,    analyses    of    sands 
from,  668 

gravels  at,  681 

tests  of  gravels  from,  657 
Mitchell,  grave]  near,  466 
Mitchell  county,  abrasion  and  impact 
tests  of  stone  from,  652 

analyses  of  limestone  from,  668 

analyses  of  sands  from,  668 

cementation  tests  of  stone  from,  665 

mechanical  analyses  oi  sione  from, 
649 

sand  and  gravel  in,  464,  682 

stone  in,  466,  675 

tests  of  gravels  from,  657 
Mohawkian  series,  46 
Moisture   in-  coal,   determination,   693 

effect  on  price,  761 

loss  of,  738 
Monmouth,  cementation  tests  of  stone 
from,  654 

mechanical  analyses  of  stone  from, 
648 
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Monona  county,  analyses  of  sands  from, 
668 
sand  and  gravel  in,  471 
tests  of  gravels  from,  657 

Monroe   county,   sand   and   gravel  In, 
473 
stone  in,  473 

Montgomery  county,  analyses  of  lime- 
stone from,  663 
analyses  of  sands  from,  668 
sands  and  gravel  in,  474 
stone  in,  475 
tests  of  gravels  from,  657 

Monticello,  cementation  tests  of  stone 

from,  655 
gravels  near,  370 
mechanical  analysis  of  stone  from, 

648 

Montour,  analysis  of  sands  from,  668 
cementation  tests  of  stone  from,  655 
quarries  at,  676 
mechanical  analyses  of  stone  from, 

649 
tests  of  gravels  from,  658 

Montpelier,  quarries  near,  483 

Montrose,  cementation  tests  of  stone 
from,  655. 
limestone  at,  675 

Montrose  cherts  in  Des  Moines  county, 
232 
in  Van  Buren  county,  578 

Moravia,  quarry  at,  69 

Morgan,  S.  M.,  343 

Morning   Sun,    analyses   of   limestone 

from,  662 
<     cementation  tests  of  stone  from,  655 
mechanical  analyses  of  stone  from, 

649 
quarry  near,  413,  675 
Moscow,  quarries  near,  482 
Motor,  gravels  at,  180 
Mount  Auburn,   cementation   tests   of 
stone  from,  654 
mechanical  analyses  of  stone  from, 
648 
Mount  Pleasant,  quarries  near,  331,  674 
Mount  Vernon  quarries  at,  406,  675 
Murray,  analyses  by,  661 


Muscatine,    analyses    of    sands    fram, 
668 
sand  at,  481,  683 
tests  of  gravels  from,  657 
Muscatine  county,  abrasion  and  impact 
tests  of  stone  from,  652 
analyses  of  sands  from,  668 
cementation  tests  of  stone  from,  655 
mechanical  analyses  of  stone  from, 

649 
sand  and  gravel  in,  481,  683 
stone  in,  482 

tests  of  gravels  from,  657 
Muscatine  Island,  sand  on,  481 


N 


Nahant,  sand  at,  684 

Nashua,  gravels  near,  169 

quarries  near,  285 
Nasset,  quarry  near,  611 
Nebraskan  or  sub-Aftonian  drift,  54 
Neola,  gravels  near,  528 
New  Albin,  quarries  near,  65 
New  Hampton,  gravels  at,  167 
New  Oregon,  gravels,  near,  334 
New  Richmond,  sandstone,  45 
New  Uhn,  abrasion  and  impact  tests 
of  stone  from,  653 

cementation  tests  of  stone  from,  655 

mechanical  analyses  of  stone  from, 
649 
Newberry,  analyses  by,  664 
Newport,  gravels  near,  372 
Niagaran  series,  47 

analyses  of  limestone  from,  659,  660 

in  Bremer  county,  87 

in  Buchanan  county,  98 

in  Cedar  county.  128 

in  Clayton  county,  186 

in  Clinton  county,  193 

in  Delaware  county,  220 

in  Dubuque  county,  249 

in  Fayette  county,  267 

in  Jackson  county,  851 

in  Johnson  county,  363 

in  Jones  county,  372 

in  Linn  county,  405 

in  Scott  county.  547 

in  Winneshiek  county,  614 
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Nichols,  analyses  of  sands  from,  668 

tests  of  gravels  from  657 
Niobrara  division  in  Plymouth  county, 

517 
Nishnabotna  river,  gravels  on,  120,  462, 

629,  566 
Nitrogen  in  coal,  698 
Nora  Springs,  quarries  at,  276 
Nordness,  quarry  near,  611,  615 
North  Farley,  quarries  at,  250 
North  McGregor,  cementation  tests  of 
stone  from,  654 
mechanical  analyses  of  stone  from, 

648 
quarries  near,  186 
North  Raccoon  river,  gravels  on,  116, 

205,  295 
North  river,  sand  on,  435 
Norway,  sand  at,  71 
Oakland,  sand  at,  530,  ;)Z8 
O'Brien  county,  analyses  of  sands  from, 
668 
sand  and  gravel  in,  485,  683 
tests  of  gravels  from,  657 

Ocheyedan,  gravels  near.  503,  683 


O 


Ocheyedan  Mound,  gravels  on,  496,  683 
Ocheyedan  river,  gravels  on,  502 
Oelwein,  analyses  of  sands  from,  666 

gravels  at,  262,  680 

tests  of  gravels  from,  656 
Olin,  cementation  tests  of  stone  from, 
654 

gravels  near,  372 

mechanical  analyses  of  stone  from, 
648* 

quarries  near,  384 

Oneota  limestone.  45 
in  Allamakee  county,  62 
in  Clayton  county,  183 
in  Winneshiek  county,  609 

Oneota  river,  sand  on,  6U.  61,  604 

Ordovocian  system,  rock  of,  45 
in  Clayton  county,  183 
in  Dubuque  county,  241 
in  Howard  county,  334 
in  Winneshiek  county.  609 


Osage,  analyses  of  limestone  from,  663 
analyses  of  sands  from,  668 
cementation  tests  of  stone  from,  655 
gravels  near,  464,  682 
mechanical  analyses  of  stone  from, 

649 
quarries  near,  469,  675 
tests  of  gravels  from,  657 

Osage  stage,  50 
analyses  of  limestones  from,  660 
in  Des  Moines  county,  229 
in  Keokuk  county,  388 
in  Lee  county,  398 
in  Louisa  county,  413 
in  Washington  county,  596 

Osceola,   analyses  of  limestone   from, 
660 
quarry  near,  173 

Osceola  county,  analyses  of  sands  from, 
668 

sands  and  gravel  in,  495,  683 
tests  of  gravels  from,  675 

Oskaloosa,  analyses  of  limestone  from, 

663 
Osterdock,  gravels  at,  180 
Otis  stage,  analyses  of  limestones  from, 
659,  660 
in  Linn  county,  410 
Otter  creek,  gravels  on.  501 
Ottumwa,  analyses  of  limestone  from, 
664 
analyses  of  sands  from,  670 
cementation  tests  of  stone  from,  655 
mechanical  analyses  of  stone  from, 

649 
quarries  near,  596,  676 

« 

sand  at,  685 

tests  of  gravels  from,  658 
Owen,  D.  D..  cited,  604 
Owen  beds  in  Franklin  county,  288 
Oxford    Junction,    analyses    of    sands 
from,  668 

tests  of  gravels  from,  657 


Pacific    Junction,    analyses    of    sands 
from,  668 
tests  of  gravels  from,  657 
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Packham,  L.  S.,  work  of,  4'2 

Page  county,  analyses  of  sands  from, 
668 
sand  and  gravel  in,  504 
stone  In,  504 
tests  of  gravels  from,  657 

Palo  Alto  county,  sand  and  gravel  in, 
506,  683 

Panora,  quarry  near,  3o^ 

Parr,  S.  W.,  698,  741 

Paullina,  analyses  of  sands  from,  668 
gravels  near,  491,  683 
tests  of  gravels  from,  657 

Peake,  683 

Pella,  analyses  of  limestone  from,  663 

Pella  substage  in  Henry  county,  330 
in  Jefferson  county.  362 
in  Mashaska  county,  443 
in  Marion  county,  446 
in  Wapello  county,  591 

Pennsylvanian  series,  rock  in,  51 
Pentamerus  beds  in  Delaware  county, 

220 
Peorian  stage,  53 
Permian  system,  rock  in,  53 

Peru,  analyses  of  limestone  from,  663 
cementation  tests  of  stone  from,  655 
mechanical  analyses  of  stone  from, 
649 

Phillips  Fuel  Co.,  716,  722 

Pilot  Mound,  analyses  of  sands  from, 
666 
gravels  at  85,  677 
tests  of  gravels  from,  656 

Pisgah,  analyses  of  sands  from,  668 
tests  of  gravels  from,  657 

Plainfleld,  gravels  at,  677 
quarries  at,  89 

Piano,  limestone  at,  672 

Platteville  stage,  46 
analyses  of  limestones  from,  660,  661 
in  Allamakee  county,  63 
in  Dubuque  county,  242 
in  Jackson  county,  349 
in  Winneshiek  county,  610 

Pleistocene  series,  materials  In,  53 


Plymouth   county,   analyses   of   sands 
from,  668 
sand  and  gravel  in,  511,  683 
tests  of  gravels  from,  657 
Pocahontas  county,  abrasion  and  im- 
pact tests  of  stone  from,  652 
cementation  tests  of  stone  from,  655 
mechanical  analyses  of  stone  from, 

649 
sand  and  gravel  in,  518 
stone  in,  520,  676 
Polk  county,  analyses  of  sands  from, 
668 
sand  and  gravel  in,  524,  683 
stone  in,  527 

tests  of  gravels  from,  657 
Pope,  George  S.,  747 
Portland,  stone  at,  149 
Portland  cement  for  road  work,  42 
Postglacial  deposits,  53 
Postville,  dolomite  at,  673 
Potsdamian  series,  rock  in,  44 
Pottawattamie  county,  sand  and  gravel 
in,  528 
stone  in,  531 
Poweshiek  county,  sand  and  gravel  in, 

533 
Prairie  du  Chien  limestone,  45 

in  Clayton  county,  183 
Price  for  coal,  determination  of,  759 
Princeton,  quarries  near,  551 
Proposals  to  furnish  coal,  747 
Proterozoic,  rock  in,  42 


Quarries — 
Ackenbaum,  415 
Albee,  603 
Allen,  285 
Amana  Society,  346 
Anamosa,  383 
Andrews,  292 

Arquitt  ft  Sons,  B.  N.,  250,  673 
Aungst  Brothers,  72 
Banning,  Peter,  272 
Barber,  A.  A.,  198 
Bartlett  ft  McFarlane,  672 
Beach,  August,  675  ^ 

Beal,  223 
Bealer,  124 


Be^cr.  John,  €73 
Bdda  Stine  Cnrnp—y,  Itt 


Betteadorf  Stoae  Ool,  €7€ 
BitBche,  Albert.  €73 


Bap^  J.  W^  €73 
Bosw^  214 
Boyle,  A.  C  €73 
B<^yle.  Fnmk,  1S7 


BrovB,  2M 

BiTUit.  W.  C  414,  r4:» 

Brjaat-McLAnsblin    A^halt   FATiag 

Compuij.  €74 
Bnchan,  E.  J^  €72 
Boll,  344 

BurUnsum  Quairy  Co^  €7S 
BuniB*  dOd 
But,  Hittliims.  €73 
BamfogfB,  134 
Byrne  ft  SmU,  €73 
Camenm  ft  licliamnt.  €73 
Cvey,  Thomms,  197 
Carpenio-.  173.  484 
Carter.  174 
Gary's*  13S 

Cedar  Valley  Stone  Companyp  €72 
Chambers,  Ja&,  S7 
Champion  No.  1,  377 
Chicago  and  Northwestern  Railway, 

€75 
Chicago,    Rock    Island    and    Pacific 

RaUway,  3€5,  400,  580,  €15 
Chilton,  Chas^  €7€ 
City  quarry,  Burlington,  230 
Clark,  555 
Clayton  coonty,  189 
Clermont  Brick  and  Tile  Co.,  pit  of, 

271 
Clinton  City,  194 
Colton,  J.  R,  675 
Cook,  388 
Cresoo  Stone  ft  Concrete  Company, 

€74 
Davis,  Perry  and  Isaac,  585 

Davis  City  Stone  Crusher  Co..  673 
Dearborn  ft  Sons,  378,  674 


I 


€75,  €7€ 
Workn,  245,  €73 


Eddyrille  Stone  Oo^  €7€ 
EUis  Paik  Stone  Co,  €75 
EUsworth  Stone  Conpany,  314,  €74 
ErickBon  Cou,  F^  €74 


Evans,  William. 


.  A.  V^  €72,  €73,  €75 
Ftat   Dodse   Portland  Cement 

523,  €7€ 
Fbz,  121 
Frencli,  59 
Frink,  134 
Gable,  W.  EL.  470 
GaUaman,  €14 
Gipple,  C.  J^  U5 
Graner,  403 
Gray,  J.  £^  41€ 
Green  ft  Son^  J.  A,  377,  €74 
Green,  llelvin,  €11 
Grimes,  274 
GrommoU,  552 


Hailman,  Jcdin,  33€ 

HaUoran,  Jianrioe,  €10,  €7€ 

Hartnum,  W.  A,  €75 

Harrison  and  Delta,  €75 

Hecht's,  135 

Hempeler,  J.  A^  €73 

Henry,  A.  IL,  €74 

Herwehe,  A^  357 

Hinkle  EsUte,  €76 

Hombaker,  Mark,  588 

Hoehl,  F.  C^  201 

Hurst's  lime,  353 

Interstate  Development  Co.,  283 

Iowa  Portland  Cement  Co.,  439 

Iowa  Sugar  Company,  675 

Ivory,  Daniel,  673 

Johnson,  Jas.  A.,  673 

Kemper,  357  * 

Keokuk  Ry.  ft  Construction  Co.,  €75 

Keystone,  353 

Kidder,  273 

Kieffer.  A.  B.,  672 
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Qaarries— Ckm. 

Kiel,  Henry,  201 
Kirchner»  Albert,  673 

KirkpatricK  190 

Knudt,  189 

Koestner;  Geo.  J.,  673 

Kregel,  £.  W.  and  H.  D.,  673 

Kunkle,  Geo.  W.,  678 

Kupplnger,  Henry,  147,  672 

Lafferty,  John,  591 

Lames,  Andrew,  592 

L.ang,  H.  J.,  386 

Langley,  187 

LeClaire  Stone  Co.,  548,  552,  676 

LeGrand  Qnarry  Ck).,  455 

Lewis,  469 

Ltnwood  Quarry  Ga,  555,  676 

Loetcher,  271 

Loftus,  231 

Loop,  222 

Lorence,  Wesley  J.,  674 

Low,  WilHam,  290 

Manion,  Frank,  674 

Marshall,  J.  M.,  416 

Marten,  John,  531 

Matthews,  Charles,  111 

Mayer,  443 

McCalla,  476 

McGlade  Brothers,  673 

McGulre.  Victor,  674 

McLeod*8,  130 

McManus  ib  Tucker,  675 

Merriam,  222 

Milesi,  Peter,  250 

Miller,  133,  230,  390,  601 

Mississippi  River  Power  Co.,  675 

Monson's,  361 

Moore,  W.  H.,  Ill 

Mopes,  88 

Morgan,  356 

Mott,  D.  W.,  291 

Murphy,  Robert,  58 

Nagle,  C.  F.,  672,  675 

Nielson^  Jens,  80,  672 

Northcutt,  William,  355 

CFarrell  Contracting  Co.,  249,  673 

Osborne,  Albert,  674 

Parmelee,  A.  B.,  675 

Peckenpaugh  &  Sons,  C.  F.,  674 


Qnarries— Gon. 
Penitentiary,  383 
Perry,  W.  J>.,  56 
Peru  Stone  &  Cement  Co.,  675 
Picnic  Point,  231 
Pinhook.  353 
Price,  587 

Purcell,  Thomas,  194 
Quimby  Stone  ft  Fuel  Co.,  672 
Rambo,  W.  O.,  672 
Randall,  G.  W.,  676 
Rickell,  387 
Roberts,  George,  122 
Ronen,  John,  383,  674 
Royce,  Russell  B.,  674 
Rude,  Peter,  66 
Rummel,  384 
Salisbury,  336 
Santa  Fe  Railway,  400 
Sawyer,  B.  P.,  673 
Short's,  173 
Siege,  Anthony,  673 
Simons,  Albert,  65,  672 
Smith  quarry,  190 
Smith,  Mrs.  A.,  201 
Smith.  P.  C,  676 
Snapp,  David,  531 
Snouffer,  J.  J.,  410 
Southern  Iowa  Stone  Co.,  675 
State  Quarries,  366 
State  Reformatory,  383,  674 
Stennett,  W.,  475 
Stevens,  572 
Stone  City,  378 
Stoops,  188 
Stumbaugh,  387 
Swan,  Wm.  B.,  69,  672 
Swanson,  308 
Swenson,  Seward,  67 
Talkington,  600 
Thurston,  J.  L.,  416 
Tibey  Brothers,'  249,  673 
Tigue,  398 

Tucker  and  McManus,  399 
Union  Park,  194 
Void,  John  A..  676 
Walgren's,  361 
Walk,  H.  J.,  189 
Waterloo  Dredging  Company,  672 
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Qnarriea — Con. 
Waterloo  Stone  Co.,  81 
Weber,  388 
Weber,  E.  H.,  615 
Welsh,  Thos.,  673 
Whann's,  135 
Whitlach,  H.  E..  675 
Whltmore,  598 
Wilcox,  220 

Williams,  Wilkes,  267,  673 
Williams  and  Davis,  269 
Wilson,  Chas.  B.,  413,  675 
Winter,  331 
Woodward,  C.  O.,  386 

Quarry,  quarries  at,  456 

analyses  of  limestone  from,  663 
Quasqueton,  gravels  at,  94 
Quaternary  system,  materials  in,  53 
Quimby,  gravels  at,  159 


Raccoon  river,  gravel  on.  111,  527,  534 

Rathbun,  analyses  of  limestone  from, 
659 

Reasnor,  quarries  near,  356 

Reasnor,  sand  near,  354 

Red  Oak,  analyses  of  sands  from,  668 

sand  near,  474 

tests  of  gravels  from,  657 

Red  Rock,  quarry  near,  449 

Red  Rock  sandstone,  analysis  of,  358 
in  Jasper  county,  356 
in  Marion  county,  449 

Redfield,  gravels  at,  205 
quarry  near,  207 

Rejection  of  coal,  causes,  757 

Rembrandt,  sands  at,  106 

Remsen,  gravels  near,  517 

Ringgold  county,  sand  and  gravel  in, 
533 

River  Junction,  681 
Riverside,  sand  near,  596 
Riverton,  quarries  near,  294 
Rochester,  analyses  of  limestone  from, 

659 
00 


Rock  Rapids,  analyses  of  sands  from, 
668 

gravels  at,  423,  682 

tests  of  gravels  from,  657 
Rock  River,  gravels  on,  418,  560 
Rock  Valley,  gravels  near,  560 
Rockford,  quarries  at,  279 
Rockville,  gravels  at,  219 
Rodney,  analyses  of  sands  from,  668 

tests  of  gravels  from,  657 
Rolfe,  sand  near,  520 
Ruthven,  gravels  near,  177,  510 
Rutland,  quarries  at,  343 


S 


Sabula,  gravels  near,  349,  681 

Sac  City,  analyses  of  sands  from,  668 
gravels  at,  539,  684 

Sac  county,  analyses  of  sands  from, 
668 
sand  and  gravel  in,  534,  681 
stone  in,  545 
tests  of  gravels  from,  657 

Saint    Anthony,    analyses    of    sands 
from,  668 

tests  of  gravels  from,  657 
Saint  Croix  sandstone,  rock  in,  44 
Saint  Donatus,  quarry  at,  350 
Saint  Louis  stage,  50 

analyses  of  limestone  from,  661,  663, 
664 

in  Davis  county,  210 

in  Des  Moines  county,  233 

in  Hamilton  county,  308 

in  Henry  county,  329 

in  Humboldt  county,  344 

in  Jefferson  county,  361 

in  Keokuk  county,  389 

in  Lee  county,  399 

in  Marion  county,  445 

in  Monroe  county,  473 

in  Pocahontas  county,  520 

In  Story  county,  569 

in  Van  Buren  county,  580 

in  Wapello  county,  591 

in  Washington  county,  597 

in  Webster  county,  601 
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Saint  Peter  sandstone  in  Allamakee 
county,  163 
in  Clayton  county,  188 
in  Dubuque  county,  241 
Sample,  collection  of,  754 

preparation  of,  755 
Sampling  of  coal,  754 
Sand  and  gravel,  distribution,  39 
Sand  and  gravel  pits — 
Ahrens,  T.  H.,  109,  678 
Amsterdam  Tile  Works,  680 
Anderson,  William,  429 
Bainbridge,  Geo.,  683 
Balzer,  F.  F.,  683 
Barnes,  Mrs.  Eliza,  275,  680 
Bartlett  ft  McFarlane,  677 
Beacon,  Thos..  683 
Belmond  Cement  Mfg.  Co.,  686 
Beltman,  John,  684 
Bernatz,  A.  J.,  685 
Berninghausen,  Fred,  680 
Beutin,  Frank,  679 
Booneville,  679 
Borlang,  O.  A.,  334 
Bower,  John,  685 
Boyle.  188 
Bremer  county,  677 
Briggs,  559,  684 

Builders  Sand  ft  Qravel  Co.,  684 
Burns,  F.  A.,  679 
Butler,  J.  W.,  107,  678 
Carr,  R.  E.,  684 
Cedar  Falls  Sand  ft  Material  Co.,  78, 

677 
Cherokee  Construction  Co.,  678 
Cherokee  Sand  ft  Gravel  Co.,  160,  678 
Chicago  ft  North  Western  Railway 

298,    312,   394,   456,    677,   679,   680 

681,  684 
Chicago,  Burlington  ft  Quincy  Rail 

road,  474,  578,  581,  585    ' 
Chicago,    Great    Western    Railway 

677,   678,   683,  685 
Chicago,  Milwaukee  ft  St.  Paul  Rail 

way,  202,   296,   369,   558,   678,   679 

680.  684 
Chicago,  Rock  Island  ft  Pacific  Rail 

way,   425,   499,   578,   679,   680,   682 

683,  685 


Sand  and  gpavel  pits— Con. 
Chicago,  Saint  Paul,  Minneapolis  ft 

Omaha  Railway,  512,  683,  685 
Clarksville  Brick  Mfg.  Co.,  677 
Clayton  White  Sand  Co.,  678 
Clinton  Sand  ft  Gravel  Co.,  679 
Cole  Bros.,  684 
Commercial  Sand  Co.,  684 
Concrete  Stone  Co.,  681 
Coon  River  Sand  Co.,  683 
Corbett,  Mrs.  Rozella,  404,  682 
Cox.  P.  R..  323,  681 
Cram,  Frank,  683 
Dalton  Co.,  683 

Decorah  Cement  Sidewalk  Co.,  685 
Des  M.  Building  Material  Co.,  684 
Des  Moines  River  Sand  Co.,  685 
Des  Moines  Sand  Co.,  683 
DeWitt,  679 

Doon  Sand  ft  Gravel  Co.,  682 
Doty,  Geo.  M.,  683 
Dubuque  Sand  ft  Gravel  Co.,  679 
Eddyville  Sand  Co.,  443,  682 
Einspanjer,  J.  H.,  681 
Elliott,  472 

Empire  Sand  ft  Material  Co..  685 
Estherville   Cement  Prod.   Co.,   252, 

679 
Eureka  Cement  Tile  Co.,  677 
Fais.  F.  W.,  678 
Fleming  ft  Son,  John,  617,  685 
Fogt,  F.  S„  301 
Fort  Dodge,  Des  Moines  ft  Southern 

Railway,  677 
Fort   Madison    Sand   ft   Gravel   Co., 

681 
Forest  City  Cement  Prod.  Co.,  685 
Frazer  Cement  Products  Co.,  677 
Fudge,  J.  O.,  120 
Fuhrman,  Fred,  678 
Gifford  Sand  ft  Gravel  Co.,  680 
Gilleas  ft  Co.,  M.  J.,  160,  621,  678,  685 
Glidden,  John,  684 
Graettinger  Tile  Works,  683 
Great  Northern  Railway,  418,  682 
Green,  P.  H..  107,  678 
Greenlee  ft  Greenlee,  684 
Griffin,  P.  C,  86 
Griffith,  G.  L.,  683 
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Sand  and  grmTd 
Grundy  C^ter  Brick  4  Tile  Ca,  €80 
Hagerman,  327 
Hall.  Robert,  346.  €81 
Hammon,  Frank,  683 
Hanson,  Ira,  263,  680 
Harris,  Leon,  683 
Harris,  W.  T.,  678 
Hawarden  Sand  4  Gravel  Co.,  565, 

684 
Hawkins,  M.  N.,  682 
Hayes,  W.  C,  681 
Hills  Sand  ft  Gravel  Co.,  681 
Horrabin  Sand  ft  Materials  Co.,  681 
Hospers  Cement  Products  Co.,  684 
Howard  county,  681 
Hull,  John,  327 

Humboldt  Cement  Products  Co.,  340 
Hyink,  Joseph,  684 
Ida  Grove  Cement  Products  Co.,  345 
Illinois   Central   Railway,   512,   617, 

678,  679,  683,  685 
Interstate  Material  Co.,  684 
Iowa  Sand  ft  Gravel  Co.,  682 
Iowa  State  College,  684 
Iverson  gravel,  425 
Jaeger,  Joseph,  681 
Jardine,  327 

Kelly  Sand  ft  Fuel  Co.,  679 
Kennedy  ft  Molder,  540 
Kings  Crown  Plaster  Co.,  681 
Kingsley  Milling  Co.,  683 
Lake  View  Sand  ft  Gravel  Co.,  684 
Lanesboro  Cement  Tile  Co.,  678 
Lang,  H.  J.,  370 
Larimer  ft  Shaffer,  681 
Larrabee,  Chas.,  685 
Laun,  Alfred,  275,  680 
Leander,  C.  J.,  681 
Lehatcha  ft  Pattenglll,  423,  682 
LeMars  Brick  ft  Tile  Co.,  683 
Libbey  gravel,  423 
MacDowell,  C.  R.,  682 
Mackridge,  W.  H.,  6/9 
Marshall  Sand  Co.,  682 
Mason    City    Cement   Products   Co., 

678 
Mason  City  Sand  Co.,  138,  678 
Mathews,  Geo.  E.,  681 


I 


I 


I 


I 


McClellan,  A^  677 

McCormick,  543 

McCracken  Broa.,  683 

McGavem,  323 

Mefford,  326 

Mefford,  John,  327 

Miller,  258 

MiUer  ft  Montgomery,  418,  682 

Miller  ft  Son,  C,  680 

Mills  Sand  ft  Gravel  Company,  204 

Minneapolis   ft   St.   Louis   Railway, 

312,  677,  679.  680.  682 
Mitchell,  J.  B.,  334 
Moran,  H.  A..  685 
Moran  ft  Hempel,  618 
Murray  Hill,  326 
Muscatine  Sand  Co.,  683 
Nelson,  N.  W.,  465,  682 
Northern  Gravel  Co.,  482,  683 
Northwestern  Drain  ft  Construction 

Co..  681 
Oak  Park  Sand  Co.,  684 
Ordway,  472 

Osage  Cement  Prod.  Co.,  464,  682 
Ottumwa  Sand  Co.,  590,  685 
Palmer  Sand  Co.,  685 
Peckenpaugh,  323 
Persia,  326 
Pet,  Geo.  W.,  677 
Peyton,  325 

Rathbum,  W.  E.  Jr.,  681 
Robinson,  323 
Russell,  J.  H.,  677 
Sabula  Sand  ft  Gravel  Co.,  681 
Sac  City  Cement  Prod.  Co.,  539,  684 
Sampson,  John,  698 
Sand  Valley  Sand  Co.,  682 
Schneider,  Geo.  A.,  679 
Scott,  Eric  W.,  643 
Soott  county,  192,  679 
Scott  Sand  ft  Gravel  Co.,  684 
Sedgwick,  J.  E.,  677 
Shadbold  Lumber  Co.,  509,  683 
Shaller,  Phil,  539,  684 
Sheffield  Cement  Prod.  Co.,  287,  680 
Sibley  Cement  Co.,  683 
Sinnett  gravel,  481 
Smith,  P.  M.,  78,  677 
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Sand  and  gravel  pits— Ck>n. 
Stahl  sand,  257 

Standard  Construction  Co.,  681 
Stevens,  T.  Lr.,  quarry  of,  592 
Stoll  Estate,  Martin,  680 
Tabor,  Russell  J.,  682 
Tanner,  A.  S.,  299,  680 
Tavenor,  J.  I.,  685 
Tuttle,  327 
Van  der  Veer,  C,  684 
Van  Meter,  679 
Wabash  Railroad,  684 
Wallace,  192,  324 

Waterloo  Cement  Products  Co.,  677 
Waterloo  Dredging  Co.,  677 
Waterloo  Granite  Block  Co.,  677 
Welch  Bros.,  618,  685 
Weniger,  473 
Wilke  gravel,  308 
Wilson,  J.  A.,  444,  682 
Winton,  John,  235 
Woodruff.  A.  L.,  677 
ZIppe  &  Fletcher  Co.,  679 

Sand  hills  in  Scott  county,  546 
Sand  Spring,  quarries  near,  225 
Sandstone,  distribution,  40 
Sangamon  stage,  53 
Sargent  Bluff,  gravel  near,  623 
Savage,  T.  E..  cited,  69,  246,  349,  442 
Scott,  C.  E.,  work  of,  42 

Scott  county,  abrasion  and  impact 

tests  of  stone  from,  652 
analyses  of  limestone  from,  663 
analyses  of  sands  from,  668 
cementation  tests  of  stone  from,  655 
mechanical  analyses  of  stone  from, 

649 
sand  and  gravel  in,  545,  684 
stone  in,  547,  676 
tests  of  gravels  from,  658 

Selma,  limestone  at,  676 

Seney,  gravels  at,  511 

Service  tests  on  coal,  752 

Shakopee  limestone,   45 

Sheffield,  analyses  of  sands  from,  666 

gravel  at,  680 

tests  of  gravel  from,  656 


Shelby  county,  sand  and  gravel  in,  556 
Sheldon,  gravels  near,  486,  683 
Shell  Rock,  analyses  of  sands  from, 
666 

quarries  near,  111 

tests  of  gravels  from,  656 
Shell  Rock  river,  gravel  on,  107,  276, 

624 
Shell sburg,  cementation  tests  of  stone 
from,  654 

gravel  at,  70 

mechanical  analyses  of  stone  from, 
648 

quarry  near,  75,  672 
Shimek,  B.,  319,  471 
Showman,  quarries  near,  390 
Sibley,  analyses  of  sands  from,  668 

gravels  near,  496,  ttnz 

tests  of  gravels  from,  657 
Sigourney,  quaries  near,  390,  674 
Silurian  system,  rock  in,  47 

in  Cedar  county,  124 

in  Scott  county,  547 
Sioux  City,  analyses  of  sands  from,  670 

quarries  near,  518 

sand  near,  622 

tests  of  gravels  from,  658 
Sioux   county,   analyses   of   limestone 
from,  664 

sand  and  gravel  in,  557,  684 
Sioux  quartzite  in  Lyon  county,  430 
Sioux  Rapids,  analyses  of  sands  from, 
666 

gravels  at,  103,  677 

tests  of  gravels  from,  656 
Skunk  river,  sand  on,  354,  566,  596 
Smith,  John  E.,  301 
Solon,  limestone  at,  674 
Soper's  mills,  gravels  at,  566 
South  Amana,  analyses  of  sands  from. 
668 

tests  of  gravels  from,  657 
South  English  river,  sand  in,  387 
Spechts  Ferry,  analyses  of  limestone 
from,  660 

quarry  at,  242 
Specific  gravity  of  coal,  699 
Spencer,  gravels  at,  175,  678 

tests  of  gravels  from,  656 
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Spillville,  gravels  at,  608 
Spirit  Lake,  gravels  near,  237 
Springville  substage  in  Henry  county, 
329 
in  Keokuk  county,  389 
Springville,  gravels  near,  405,  682 
State  Quarry  stage,  49 

in  Johnson  county,  366 
Steamboat  Rock,  gravels  at,  311 
Steiger,  George,  analyses  by,  660,  662, 

663,  664 
Stennett,  analyses  of  limestone  from, 

663 
Stennett,  quarries  near,  475 
Stennett  limestone,  52 
Stockton,  gravel  near,  481 
Stone  City,  analyses  of  limestone  from, 
662 
cementation  tests  of  stone  from,  654 
mechanical  analyses  of  stone  from, 

648 
quarries  at,  674 
Storing  of  coal,  746 
Storm  Lake,  analyses  of  sands  from, 
666 
tests  of  gravels  from,  656 
Storm  Lake,  sand  on,  107 
Story  county,  analyses  of  sands  from, 
668 
sand  and  gravel  in,  565.  684 
stone  in,  569 
tests  of  gravels  from,  658 
Strawberry  Point,  quarry  near,  186 
Sulphur  in  Iowa  coals,  694,  745 
Sutherland,  gravels  near,  493 
Sweetland   Creek   beds,   in   Muscatine 
county,  484 


Tama    county,    abrasion    and    impact 

tests  of  stone  from,  652 
analyses  of  .sands  from,  668 
cementation  tests  of  stone  from,  655 
mechanical  analyses  of  stone  from, 

649 
sand  and  gravel  in,  571 
stone  in,  572,  676 
tests  of  gravels  from,  658 


Taylor  county,  analyses  of  limestone 
from,  664 
sand  and  gravel  in,  574 
stone  in,  575 

Tests  and  analyses  of  Iowa  limestones, 
sands  and  gravelis,  637 

Thayer,  gravels  at,  576 

Thornton,  gravels  near,  143 

Tilton,  J.  L.,  306 

Tipton,    cementation    tests    of    stone 
from,  654 
mechanical  analyses  of  stont;  from, 
648 
Toughness  of  stone,  638 

Tracy,  analyses  of  limestone  from,  448, 
663 
analyses  of  sands  from,  668 
quarry  near,  445 
sand  at,  682 
tests  of  gravels  from,  657 

Traer,  sand  near,  572 

Turin,  gravels  at,  472 

Turkey  River,  gravels  on,  178,  255,  333 

Tyson,  H.  B.,  work  of,  42 


U 


Udden,  J.  A.,  359,  484,  528,  533 

Union  county,  sand  and  gravel  in,  575, 

685 
I  Upper  Burlington  limestone  in  Des 
Moines  county,' 229 
in  Lee  county,  396 
in  Louisa  county,  413 
Upper  Iowa  river,  gravels  on,  333,  604 


Valley  Junction,  sand  at,  684 

'  Van  Buren,  cementation  tests  of  stone 
from,  655 
mechanical  analyses  of  stone  from, 
I         649 

Van  Buren  county,  abrasion  and  im- 
pact tests  of  stone  from,  652 
analyses  of  limestone  from,  664 
analyses  of  sands  from,  670 
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Van  Buren  coonty— Con. 
cementation  tests  of  stone  from»  655 
mechanical  analyses  of  stone  from, 

649 
sand  and  gravel  in,  577,  685 
stone  in,  578,  676 
tests  of  gravels  from,  658 

Van  Meter,  gravel  at,  679 

Verdi   substage   in   Hamilton   county, 
309 
in  Henry  county,  330 
in  Jefferson  county,  362 
in  Keokuk  county,  389 
in  Marion  county,  445 
in  Washington  county,  598  • 

Vernon  Springs,  quarries  at,  336 

Villisca,  quarry  near,  480 
sand  near,  474 

Vinton,  analyses  of  sands  from,  666 
cementation  tests  of  stone  from,  654 
mechanical  analyses  of  stone  from. 

648 
quarries  near,  75 
sand  at,  70 
tests  of  gravels  from,  656 

Viola,  gravels  at,  404,  682 

Volatile  combustible  matter   in   coal, 
694,  740 

Volga  river,  gravels  on,  178,  261 


W 


Wadena,  gravels  at,  262 

Wapello  Goal  Co.,  714 

Wapello  county,  abrasion  and  impact 
tests  of  stone  from,  653 
analyses  of  limestone  from,  664 
analyses  of  sands  from,  670 
cementation  tests  of  stone  from,  656 
mechanical  analyses  of  stone  from, 

649 
sand  and  gravel  in,  588,  685 
stone  in,  591,  676 
tests  of  gravels  from,  658 

Wapsipinicon   river,   gavels   on,   169, 
333,  372,  464 


Wapsipinicon  stage,  49 

analyses  of  limestone  from,  659,  660, 

663 

in  Bremer  county,  87 

in  Buchanan  county,  99 
in  Johnson  county,  364 

in  Linn  county,  411 

in  Scott  county,  555 

Warren  county,  sand  and  grayel  in, 
595 

Warsaw  shales  in  Lee  county,  397 
in  Van  Buren  county,  579 

Washington,  quarry  near,  596 

Washington  county,  sand  and  gravel 
in,  595 
stone  in,  596 

Washta,  gravels  at,  lb6 

Waterloo,  analyses  of  limestone  from, 
659 

« 

cementation  tests  of  stone  from,  654 
mechanical  analyses  of  stone  from, 

648 
quarries  near,  81,  672 
sand  at,  677 
Waterman  creek,  gravels  on,  493 

Waterson,  sand  near,  534 

Waucoma,  gravels  near,  260 
quarries  at,  273 

Waukon,  quarries  near,  65,  672 

Waverly,  analyses  of  limestone  from, 

659 
analyses  of  sands  from,  666 
cementation  tests  of  stone  from,  654 
gravels  at,  85,  677 
mechanical  analyses  of  stone  from, 

648 
quarries  at,  88 
tests  of  gravels  from,  656 

Wayne  county,  sand  and  gravel  in,  599 
stone  in,  600 

Weathering  of  coal,  741^ 
Webster,  C.  L.,  284 

Webster   City,   analyses   of   limestone 
from,  661 

analyses  of  sands  from,  668 

gravels  near,  307 

tests  of  gravels  from,  657 
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Webster    county,    analyses    of    sands 
from,  670 
sand  and  gravel  in,  600,  685 
stone  in,  601 
tests  of  gravels  from,  658 

Weems,  J.  B.,  analyses  by,  448,  523,  661 

Weller,  Stuart,  226 

W€llman,  quarry  near,  597 

Wellsburg,  analyses  of  sands  from,  668 

gravels  near,  300 

tests  of  gravels  from,  657 
West  Nlshnabotna  river,  gravels  on, 
528 

West  Point,  limestone  at,  675 

West  Union,  quarries  at,  274,  673 
gravels  at,  264 

Wcsterville  limestone,  52 
in  Decatur  county,  216 

Westfleld,  quarries  near,  518* 

Wevcr,  quarry  at,  396 

What  Cheer,  Keokuk  county,  708 

Wheatland,  analyses  of  sands  from,  666 
tests  of  gravels  from,  656 

Wheeler,   741 

White,  C.  A.,  329,  517 

White  City,  analyses  of  sands   from, 
668 
tests  of  gravels  from,  657 
Wilder,  F.  A.,  177,  425 
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792 


INDEX 


Worth  county,  analyses  of  sands  from, 
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Wright,  H.  F.,  Road  and  Concrete  Ma- 
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